Audio Transtormer 


Design Manual 


ROBERT G WOLPERT 


FREFACE 


This manual is intended to show how to design and manufacture 


audio transformers. 


It will explain the various things that have to be considered and 
the problems that will be encountered in achieving the desired 
results. It will show how to design to meet. the requirements, and 


Give examples and test results. 


It will also give methods of manufacturing to achieve the results 
desired, with some of the things that will prevent the design from 


being successful. 


This manual is written with the assumption that the designer has 
experience in the design of power transformers. Therefore it 
covers only those manufacturing techniques that are different and 


necessary to achieve the proper results in an audio transformer. 


If the designer needs more information on the construction 
methods, the TRANSFORMER DESIGN AND MANUFACTUREING MANUAL 
published by the author in 1984, or some other publication, should 


be consulted. 


The appendix will have various tables and charts to assist in the 


design of the transformers. 


ROBERT G. WOLPERT 
Transformer Design Services 
5200 Irvine Blvd. #107 
Irvine, CA. 92720 


714-838-6817 


©) 1989 ROBERT G. WOLPERT. 
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SYMBOLS USED 


Effective area of core in sq. inches. 
Flux density in Gauss. 

Frimary voltage. 

Secondary voltage. 

Frequency. 

Low frequency limit. 

High frequency limit. 

Winding build up. 

Frimary current in amperes. 

Secondary current in amperes. 
Stacking factor. 

Frimary open circuit inductance in Henrys. 
leakage inductance in Henrys. 

Mean length turn in inches. 

Frimary turns. 

Secondary turns. 

Number of layers. 

DC resistance of primary. 

DC resistance of secondary. 

lotal or normalized resistance. 
Number of sections or interleaves. 
Thickness of insulation in inches. 
Incremental permeability of core material. 
Fower in Watts. 

Winding length in inches. 

Primary impedance. 

Secondary impedance 


Total or normalized impedance. 
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AUDIO I! RANSFORMER DESIGN AND MANUFACTURING METHODS. 
FAR? I. DESIGN CONSIDERATIONS. 


CHAPTER 1. GENERAL REQUIREMENTS. 


By definition, an audio transformer is designed to operate within 
the audio range of frequencies. However, the upper and lower 
limits are extended beyond the audio range for many uses. 

For example, usage in high fidelity circuits might desire a range 
from 10 Hz to 30000 Hz or higher, while a telephone transformer 


could have a range from 20 Hz to ZO0OO Hz. 


The frequency range, both high and low limits, will determine to a 


great extent, the design and method of manufacture. 


Transformers designed to work at audio frequencies can be put into 
three general catagories. These are input, output, and impedance 
matching. Actually the only differences between these is the 
usage and the impedance ratios. They all can be considered as 
impedance matching transformers, as they are used to transmit 
Signals from one impedance to another impedance either higher or 
lower or sometimes, when isolation only is desired, between equal 


impedances. 


There are several things to be considered in the design of audio 
transformers: 

A. Frequency response. 

b. Impedances. 

c. Power level. 

d. THD or total harmonic distortion. 

e. Value of D.C. in windings, if any. 

#. Hum reduction level if required. 

g.- Longitudinal balance. 


see Insertion loss. 
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In addition the flux density of the core material must be 


considered in order to not operate the core into saturation. 
BAB! FREQUENCY RESF'ONSE. 


The frequency response of a transformer is that range of 


frequencies that is desired to be passed. 


It 15 desirable to have the same response or voltage level of all 
frequencies within this range. The extremes of the range will 

Tal. ORT. Ihese are usually called out as a range of DE, such as. 
+ > DE orp tcsl DEstetc. This means that all the voltages between 


the two extremes will not vary more than the limits shown. 


The variations called out will usually be referred to a certain 
frequency in the center of the response. Usually this will be 
1000 Hz for audio transformers. Thus if a certain voltage or DB 
level is called out for 1000 Hz, then all frequencies within the 
range should be within the limits of + 2 DE or + 1 DB or whatever 


is required. 


The -3 DEB frequencies will have a voltage level that is 70.7% of 


the voltage at the middle of the frequency range. 


The best way to measure the response is to use a meter that is 
calibrated in DBE, rather than trying to calculate the DE from the 
voltage levels. However the DE can be calculated from the 


voltages by using the following formula: 


DB=20L0G a 
Ew 


The lower limit of the frequency range is controlled by the 
primary inductance. This will fall off 3 db at the frequency 
where the inductive reactance of the primary equals the primary 


impedance. It will fall off 1 db at two times the primary 
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impedance, and 0.5 db at approximately 4 times the primary 


impedance. 


The following formulae are used. 


Where: 
_ = primary inductance. 
Z = primary impedance. 
F = lower frequency desired. 


The upper frequency will be down 3DEH where the normalized 


impedance equals the reactance of the leakage inductance. 


The frequency response can be measured using the circuit in Figure 


Lie 

Figure 1. 
Rs = the impedance of the primary. 
Rl = the impedance of the secondary. 
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The voltage of El must be held constant for all frequencies. The 
output voltage, EZ, is then set for a middle frequency, usually 
ea PARE and the deviation from this voltage is the response over 


the frequency range. 
1.2 . IMPEDANCES. 


The impedances of both the primary and the secondary must be 
known, or can be calculated. The impedance ratio is equal to the 


turns ratio squared and also equal to the voltage ratio squared. 


SIN ene 
Z> Neo E> 


Ao OWE RY LEVEL. 


The operating power level is usually called out. This can be sine 
wave power or music power. Sine wave power will be approximately 


three times the effective music power. 


the transformer must be able to handle the full voltage and 
current at any frequency within the operating range for sine wave 
power. For music power it must handle the full voltage but only 
one third of the current for heating purposes. This will allow 


the use of smaller magnet wire and will result in a smaller unit. 
1.4 TOTAL HARMONIC DISTORTION. 

The total harmonic distortion is mainly a function of the 
operating flux density in the core at the lowest operating 


frequency. Reducing the flux density will reduce the distortion. 


The distortion at a given frequency and flux density will vary 


with the type of magnetic material used. 
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1.5 DIRECT CURRENT IN THE WINDINGS. 


When one or more of the windings is required to carry unbalanced 
direct current, it is necessary to design that winding for the 
proper inductance the same way you would design an inductor 
carrying direct current. The proper air gap spacer must be put in 
the magnetic path. This will result in a larger unit than one 


which does not carry unbalanced direct current. 
oOo HUM REDUGTHON: 


When designing for low level usage, it is often necessary to keep 
the external flux fields at avery low level. Levels of - 60db to 


- 80 db requirements are not unusual. 


This is accomplished by enclosing the unit in a case or cases 
using high permeability materials. 80% nickel is often used for 
this application. A single case or a nest of cases using 
alternate cases of high permeability material and copper may be 


needed. 

1.7 LONGITUDINAL BALANCE. 

Longitudinal balance is a measure of a transformer’ s balance and 
ability to prevent longitudinal signals, or signals which have 
been induced in the power line, from being transferred into the 
secondary of the transformer. 


1.8 INSERTION LOSS. 


Insertion loss is a measure of the power available out of the 


transformer vs the power induced into the transformer. 
CHAPTER 2. LOW FREQUENCY RESPONSE. 


The requirements of an audio transformer are all inter-related and 


must all be considered in the design. The first step is to design 
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for the low frequency. This will establish the size of the core 
and the number of turns needed. It is also the easiest part of 


the design. 
eee) OFENLCILRCULT INDUGTANGE., 


Calculate the inductance necessary. Assuming a - 3db requirement 
at the low frequency end, the inductance needed will be: 


ad Ths 
== Dale 


For - Jldb and 9.5 db requirements, the formula is changed 


accordingly, as called out in 1.1. 


Tt can now be seen that the higher the primary impedance, the 
larger the inductance needed. This translates to a larger core 
and/or more turns. It also makes it more difficult to obtain the 


higher frequency limit as will be seen later. 
2.2 FRIMAR,Y VOLIAGE AND CURRENI. 


Calculate the primary voltage and current. 
This depends on the information given. If the power (wattage) is 
given and the impedance is known, Ohm’s law may be used to 


calculate the voltage and current. 


E, =/z,xW AND y= sb 


If the power is given in DB or DBm, the power in watts must be 
either calculated or taken from a chart. A chart of. DE vs watts 


is in the appendix, Page 77. DBm is DB for a 600 ohm impedance. 
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.%. SECONDARY VOLTAGE AND CURRENT. 


Calculate the secondary voltage and current. 


The secondary voltage can be calculated from the impedance ratio. 


By rearranging the formula from 1.2: 
jee 
f= E,xZ> 
2 Z, 


The current ratios are inversely proportional to the voltage 
ratios so the secondary current can be calculated by rearranging 


the equation: 


Bp @, I I,xe 
Aesth kt | taal i ee 
E, I; 8 I, E> 


=«4 CORE SIZE AND MATERIAL. 


The core material will depend largely on the application. If the 
transformer is a small low level unit, the material can be either 
99% or BOX nickel. These are high permeability materials and will 
require fewer turns than 4% silicon steel. If a higher level unit 
is desired, 4% silicon steel will probably be the best choice as 
the cost of nickel laminations will be prohibitive in larger 
units. Also the operating flux density can be higher in silicon 


steel, which will result in a smaller unit. 


The power requirements will help choose the core size. If the 
core size is called out there is no choice. If not, then 
experience from past designs, or an adjustment to the information 
from the 60 Hz. tables will have to be used. For example, a 150 
Watt 60 Hz. core will probably be about right for a SO Watt 20 Hz. 
audio transformer. This will be a good starting point. See the 


table in the appendix, page 79. 
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The core size obtained in this manner is an approximation and 
adjustments will have to be made to get the proper fill. When the 
turns are calculated in the next step and the wire sizes are 


chosen, the fit in the core can be calculated. 


When the core has been chosen, an easy and quick way to calculate 
the turns needed to give the required inductance for any given 
core size and maqnetic material is to refer to a lamination 
catalog put out by the various manufacturers. A formula is given 
for inductance for each size of core. This can be turned around 
te find the turns. The only other requirement is that the 
permeability of the material must be known. This can also be 


obtained from data published by the manufacturers. 


For example, from a catalog, a core size of EI-190, with a square 


stack, has an inductance formula: 


L =.5289 x10°x K x Uac x NZ 


Pea 7 Lx 10° 
oe nis 5289 XK x Vac 


Where: KE is the stacking factor. 


Uac is the permeability of the material. 


The wire size is determined by the current. The primary current 
will be as calculated in 2.2. The secondary current can be 


- 


calculated from 2.3. 


If the requirement is for sine wave power, the size of the wire 
should be from 650 to 1000 circular-mils per ampere. This will be 
determined by the insertion loss allowed. In general, 800 CM/A 
will be about right, and will be used as a starting point in this 
manual. If music power is called for, the size can be reduced to 


about 3200 CM/A. 
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The core size and wire sizes have now been determined. Ry 
referring to the tables in the appendix, page 81, (wire sizes and 
turns vs lamination sizes) the fill can be checked before going 
any further. In general, the primary wire should use up 1/2 the 


coe et ak and the secondary the other 1/2. 


This chapter should pretty well tie down the core size, turns, and 
wire sizes for both the primary and secondary. It may be 
necessary to make adjustments if interleaving is necessary to meet 


the high frequency response. 


CHAPTER =. HIGH FRE@QUENCY RESPONSE. 


The limit of the high frequency response is controlled by the 


leakage inductance and the impedances. 


The leakage inductance is proportional to the square of the turns, 
thus it is possible to reduce this value greatly by reducing the 
turns, But since the lower frequency limit depends on the primary 
inductance and that is controlled by the turns and the type of 
magnetic material used in the core, the turns are pretty well set. 
Also care must be taken that the maximum flux density of the 
material is not exceeded in reducing the turns. The leakage can 


be reduced by interleaving the primary and secondary windings. 


2.1 INTERLEAVING THE WINDING. 


As mentioned before, the high frequency response is determined by 


the leakage inductance and the winding impedances. 


In order to reduce the leakage inductance it is sometimes 
necessary to interleave the windings. That is, split the windings 
and wind 1 part primary, 1 part secondary, 1 part primary etc. 


This can result in 1:23 2:33 3:24 etc interleaving. 
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The examples will show designs with this interleaving used. 
A 3:2 interleave would be 1/3 Primary, 1/2 secondary, 1/23 primary, 
1/2 secondary, and 1/3 primary, and so on. 


In some cases interleavings of 5:4, 6:5 and more are used. 
3.2 \LEAKAGE INDUCTANCE. 


The leakage inductance of a transformer can be calculated in many 
ways. Some of these are extremely complicated. 

A good compromise for a transformer that is wound 
concentrically, that is one winding over the other, is the 


following. 


L, = HOSxNAxXMLT x (2xSxT +H) 


S?x WL X10 MAS 


Where: WN = number of turns. 
MLT = mean length turn. 

H = winding height. 

WL = winding length. 
T = insulation space. 


S = number of interleaves. 
The high frequency response can now be calculated by using the 


values of leakage inductance and the normalized impedance. The 


upper frequency limit will be: 
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CHAPTER 4. SPECIAL REQUIREMENTS, 
4.1 TOTAL HARMONIC DISTORTION. 


If THD is called out, the flux density in the core and the type of 
core material must be considered. This may require the core size 


or turns or both be modified. 


The distortion is normally only of concern at the lowest frequency 


as it falls off rapidly as the frequency increases. 


If you consider the three most commonly used types of materials, 
BO% nickel, SOZ nickel, and silicon steel, the flux densities will 
vary from the lowest for the 80% nickel to the highest for the 
silicon steel. A table in the appendix, page 80, will give some 
representative values for the three materials at various flux 
levels. These numbers will allow you to estimate the distortion 


that can be expected at the flux level and frequency of operation. 
4.2 SHIELDING FOR HUM REDUCTION. 


Many low level transformers are required to function within an 
external field without picking up that field and transmitting it 


into the operating circuit. 


The transformer can be enclosed within a case or cases to achieve 
the desired results. For example, a single case of steel will 
give about 10 DEB of shielding. A case made of SO% nickel will 
Give about 20 DE. A case made of 80% nickel will give 30 DEB. A 
nest of cases consisting of an 80% nickel case a copper case and 
another 80% nickel case will give 60 DE of shielding. Lee cn Ss is 
extended to three 80% nickel cases with two copper cases in 


between it will give 90 DE of shielding. 


These 80% nickel cases must be properly annealed and the copper 


cases must be soft copper to obtain the desired results. 
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Care must be taken that the external field is not so high as to 
saturate the 80% nickel, or the expected results will not be 
obtained. If this occurs, a steel case on the outside may be used 


to reduce the field to a level that can be tolerated. 


These methods will also apply when the transformer is placed ina 
very sensitive circuit and the external flux of the transformer 


must be reduced. 
4.3 LONGITUDINAL BALANCE. 


A longitudinal signal is one which is induced along the power 
lines and enters the transformer in both the primary leads as if 
they were one lead. This signal must be prevented from passing 


through the transformer as a signal in the output. 


To prevent the passing through, the transformer must be balanced 
so that it has the same coupling from the input leads to the 


output terminations. See figure 2. 


C 


C2 


Figure 2. 


This coupling is represented by the two capacitors, Cli and Ce. If 
C1 equals C2 then there is no feed through and no imbalance. Of 
course this is a simplification as the coupling can occur any 


where within the windings. 


There are several ways to reduce imbalance. Some of these will be 


shown later. 
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3 shows a method of measuring the longitudinal balance. 
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Figure 


E 2d R, 


Figure 2. 


-3 Ri + .5 Rl = primary Z and must be matched to within 9.1% for 
a 40 DE balance and to be within ©.01% if 60 DB of balance is. 
required. R2 will be equal to the impedance of the secondary. 
The core should be connected to ground. If a shield is used it 


should be connected to the core and ground. 


E2 should be a voltmeter with a DB scale. Ferfect balance will be 
when E2 reads zero. When measuring E2, there should be no 
voltmeter connected to read El. Short direct wiring should be 
used to minimize capacitance unbalance. The level of El should be 
the operating level of the transformer, or as called out by the 


customer. 
4.4 INSERTION LOSS. 


The insertion loss of a transformer is a measure of the effeciency 
as it shows how much power is consumed by the transformer. Thus 


it is important to keep these losses as low as possible. 


The most obvious of these losses is the D C resistance of the 
windings. The larger the size of the wire that can be used, the 
lower the losses. The losses in the magnetic material can also 
contribute to the total loss. The magnetic material losses can 
usually be ignored if the flux density is kept within reasonable 


limits. 


] . a] 
ss 


wane led lenis tignel 


¢ 


& e7v0 ta 


f - i » 
10> X! Oo mleeiw @? Serictem ed feun bre 3 yveme sg . 7a, * bAE as 
ai «oneled to 80.08 24. 810.10 ntntiw ad oF bas sarees as oF i 7 
7 
“a 
_ 


Vwsboosee oft to ssnabeqni aft O27 levpe ed Titm bert se 


i: beew wt biwiria » 43. .beuarg OF betsenno> ed Biocda e785 
’ 7 7 , 
-ynwep bes @e10es eid of betsencon ed Dinone | 


at iiléw eonslisd ga¢tose9 .eisse G0 g Atiw wesenaioy 6 eG b fuoete 
on ed bluere everiz 3 oniwwessem oor ~-A4es -Oee% 3 neriee 

ed blucda gpniniw toextib tree «6. 13 bess of bedoennes re tamttew 

@d blwona ia +0 feveki ari .poislednw sated ipagns esimanitm o? beew a 


a3 vd jvuo belles ee %O , ee76tere sd of? tO Tevet enize xteqe add 


fi 
os 


- 900 JeuS 


6803 WOITAZENt AYe an 

VYorneize++e eft to se weeem 6 wl yVem"o}#nae5d 6 PO e8ol noitreEen! ent 
, «unt .Yenroranesd ad yd bemvenos at SewoQ ADum wort eworle #4 a 4 
-eldieeog ae wol es eeweol sear? quei oF Fras yaqgni at a 


et %0 aonsjziees 2 0 end #1 epavo! exert to suolvda teoe of 
ens ,beau ac neS Fare eiiw ef? #0 esis ead 7ee%l ett eon 
Oats nap Lainetem sisangem erit nb apenas ‘erit sasero! art 
nen weweol latvezem Sizengam iT .ewo!l Lajos ert of etudis ne 
sidsncese oindiw tqed ai viteneb nuit erty +2 betong: wd YT! 


The following method can be used to determine the approximate 
insertion loss before building the unit. The total or normalized 
winding resistance, that is the resistance of the secondary 
referred to the primary, or the primary referred to the secondary, 
will mormally be 190 to 20% of the load resistance. Dees tee Bud 
it will have a loss of approximately 0.5 DB and if 20% it will be 


approximately 1.0 DBE. 


By using the calculated values of the winding resistances, the 


calculation of the normalized resistance can be done as follows: 


2 
N 


Then the %“%~ loss will be: 


R 
—-x 100 
min 
Where: Ri = DC resistance of the primary winding. 
R2 = DC resistance of the secondary winding. 


Figure 4 shows how to measure the insertion loss. 


6) Re ES 


Figure 4. 
Where: El = Voltage across the primary. 
E2 = Load voltage. 
Ri = Primary impedance. 
R2 = Secondary impedance. 


It should be noted that the insertion loss test circuit is the 
same as the frequency response circuit, except that the primary 
voltage is taken after the primary resistor instead of across the 


generator. 
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Then the insertion loss is: 
Ez 
LOG 
20 ETE F 


The voltages obtained from this test can be used to calculate the 


insertion loss at any given frequency. 
CHAFTER S. DESIGN METHODS. 


Before the design of any transformer can begin, it is necessary to 
understand the general construction and how to calculate the 


turns, winding fill, and DC resistances of the winding. 


The following will show the methods used to determine these 


Values. 
sep ae FLUX DENSITY. 


The formula for calculating the open circuit primary inductance 
needed to meet the low frequency response is given on page 7. In 
this formula, no provision is made for the flux density. It is 
always necessary to calculate the flux density to be sure that the 
core will not be operating in saturation, and adjustments made to 
the turns, if necessary. This may result in more turns than the 
minimum needed for the required inductance. The resulting 


inductance may be higher than is necessary. 


The operational flux density for the various core materials can be 
obtained from a core manufacturer’s catalog. For the purposes of 
this manual, the maximum flux densities used will be 17 kilo-gauss 
for 29M6 material, 8 kilo-gauss for SO% nickel, and 5 kilo-gauss 
for 80% nickel. If other materials or flux densities are 


desirable, the literature should be consulted. 
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[he formula for determining the turns for a given core is: 


Nien ares XOS 
P 4.44 KACKF XB 


number of turns. 


Where: Np 
E = voltage applied. 
Ac = effective core area in square inches. 
4.44 is a constant. 
F = lowest frequency of operation.— 
Eo = flux density in lines per sq. in. (Gauss x 6.45 = 


lines per sq. in.) 
wee CONSTRUCTION SUGGESTIONS. 


The construction of an audio transformer differs from a regular 
power transformer in that The leakage inductance must be kept as 


low as possible. 


The interleaving has been covered for the leakage inductance, but 
the advantages of interleaving can be offset by improper or sloppy 
winding. .The windings must be directly above one another. The 
margins called out must be maintained and the winding lengths must 
be fully utilized. If the turns are not sufficient to fill out 
the winding length, then the wire must be spiralled to fill it 
out. The margins for all windings must be the same. If one size 
wire calls for a 1/4" margin, for instance, then all windings must 


have 1/74" margins. 


The windings, when layer wound, must be even and no cross-overs 
allowed. In bobbin windings, they cannot be in perfect layers, 


but they should be wound as evenly as possible. 


In general, good, high quality, workmanship is essential for an 
audio transformer to meet the design goals. No matter how good 
the design is, sloppy construction techniques can result ina 


failed transformer. 
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These methods should be called out in the construction 


specifications.. 


Seae CALCULATING THE FHYSICAL FARAMETERS. 


The following design example is for a simple power transformer. 
This is used in order to conserve space. It will demonstrate the 
principles used for calculations of the turns, winding fill, and 
DC resistances of the magnet wire the same as for an audia 


transformer. 
It is desired to design a transformer to operate from a 115 Volt 
line at 60 Hertz, and to deliver 6.2 Volts at 190 amperes AC. The 


physical size is not given. 


Write down all information known. 


5 V 6.3 V 
60 HZ lIOA 


Schematic diagram. 


Ep, = lity V. 
F = 60 HZ. 
Es = 6.3 V. 
Is = 19 A. 


Calculate the total VA. 
VA = Es x Is = 6.3 x 10 = 65 
Calculate the primary current. 
Ip =°(VA ~ 1.11) /Ep = (635 « 1.11207115 = 9.0608 A. 
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Choose a core from the lamination table, page 79%. From the VA 
column, it is seen that EI-1 1/8" size with a 1 1/8" stack height 
has a VA rating of 65. This should be a good core for this 


transformer. 


The effective core area is 1 1/8 «x 11/8 = 1.265 sq. in. x EK. 
Assuming a i «x 1 interleave, it will be 1.265 «x .92 = 1.164 sq. 
Tae The .92 i158 a stacking factor used for ail x 1 interleave of 


the lamination stack. If a butt stack with an air gap is used, 


for a unit carrying direct current, this will be .95. 


The manufacturers will give the core losses at flux densities in 
kilo-gauss. This can be converted to lines by multiplying by 
6.45. For example, 15 FG or 15000 gauss x 6.45 = 96750 lines. 
The conversion can be done directly in the formula for primary 
turns by using the gauss number and adding the 6.45 factor below 


the line. 


The window of the lamination is 9/16" « 1 11/716". The effective 


core area is 1.164 sq. in. 


We will choose to try 29M6 grade laminations with a flux density 


of 95000 lines as a starting point. ( This is 14.72 KG ). 


Calculate the primary turns. 


ae Wereley: hs 115 x108 
N = eee 
= ae XACXF XB 4.44 x |.164x60x 95000 vee 


Calculate the secondary turns. 


Ne = No/Ep « 1.05 x Es = 390/115 «x / 1.05 x 6.3 = 22.4 turns. 


Change the turns to an even number, or 22 turns. 


Choose the wire sizes. 
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The primary wire should be .608. 800 circular mils = 486.4. For 
this we will see that #22 wire is the closes with 509.5 cm. (see 


wire table, page 78 ). 


The secondary wire should be 10 x 800 cm = 8000. #11 wire has 
8234 cm and will be used. It should be noted that this is 

conservative and in practice there is room for adjustment up or 
down if needed. The only limiting factors will be temperature 


rise and regulation. 


Calculate the turns per layer and number of layers. 

The window length is 1 11/16 long. In order to fit, the coil 
length should be 1/16" shorter or 1 5/8" long. From the wire 
table, it is seen that the margin for #23 wire should be 1/8" on 
each end. The margin for #11 wire should be 1/4" on each end. 

The turns per layer is determined by the winding length x the 
turns per tnch Phoriethat. wire size. This is also obtained from the 
wire table. The values should be put down on the work sheet 


clearly to show the construction of the coil. 


With a coil length of 1 5/8", the winding length for #225 wire will 


be 1 2/8", and a margin of 1/78" on each end. The turns per layer 
will be 1 3/8" x 37.4 (turns per inch from table) = S2 turns. 
Layers = 390/352 = 7.5 layers. Use &. 

#11 wire winding length = 1/18", margins 1/4" each end. Turns per 
layer = 1 1/8" «x 10.2 = 11 turns. 

Layers = 22/11 =2. 


It should be noted that for a power transformer, the margins of 


the windings do not have to be the same for all windings. 
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Figure S shows the cross section of a coil with 4 layers. The 
space between the layers is, for practical purposes, the layer 
insulation and the impregnating compound. The mean length turn is 
the distance around the winding at the center. See figure 4. In 


— 2s 


figure 6 the mean length turn would be between layers 2 and 3 


Figure 5. Figure 4. 


Calculate the fill of the window. This is done by adding up all 
the various thicknesses of winding tube, wire diameter, layer 

insulation, and wrappers. The layer insulation is determined by 
the thickness needed to support that particular wire size. This 


is called out in the wire table on page 78. 


The winding tube thickness is determined by what is needed to 
support the coil. Small coils with fine wire need less support 
than larger coils with heavy wire. This can vary from .020" to 
-970" or more. A coil for the size used in this example will 


generally use a winding tube thickness of .0350" to .040"., 


The wrapper is the insulation used between windings. This is 
determined by the voltage isolation needed and the support needed 
for the next winding. For this example we will use .010" thick 
insulation, as this is the value needed to support the #11 wire, 
and since there are no unusually high voltages involved, it will 


be used. 
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It iS now necessary to put down on paper the various thicknesses, 


add them up, and calculate the percentage of available space in 


the window that is needed. This lamination has a window width of 


9/16": or, in decimals, .5625". 


Figure 7 shows the size of the lamination. 
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Figure 7. 
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The fill can now be calculated.. 


Winding tube = .9400 

8 layers #23 = .1920 

Layer ings. = .9210 

Wrapper = .0100 

2 layers #11 = .1858 

Layer ins. = .0100 

Wrapper = .0100 

pote. ata it »-4688/.5625 x 100 = 83.3%. This is an acceptable 
ie ye OA 


The voltage drops and resistances can now be calculated. In order 
to obtain the voltage drops in each winding, it is first necessary 
to picture the build up of the coil as calculated above in the 
fill. This build up is accomplished in the following order: 

1. Winding tube. 

2. Primary wire separated by the layer insulation. 

3S Wrapper between windings. 

4. Secondary wire separated by the layer insulation. 


3. Finally, the outside wrapper. 


The mean length turn can be determined by taking the build up and 


adding up the various sections. 


Figure 8 shows a view of the tube upon which the wire is wound. 


Figure 8. 


om eit ein 


fafiwetas «so win nas nasrwte teen pris “gaara pasion at 


sliud et? onidead Yt beninnesed 


ee) ee 


theetw doae of eoo7t epad tov en? niszde 
fies of? to au Blawd wd ewsria s 
ofS vt vere iqnoose ai qu @hinud #: a tH 

sacus v Leonie 
comAad “evel etd yo bevevegee otto eo ann 


,eorioriw roeawied yoga + 


on 


- ts a 
a las td 


t va bets "\* Qe2 ‘enviar vb 
yweagew ebiadud ot xb er V3 


it ~wevel er 


ear t) 
,enattoes euqitev eid qu or oh 
_ 


. 


wt naa nowt dogret rail 


it doire noqu edud eft to wei’ © aucts GO» wget 


In order to simplify the calculations it is advisible to reduce 
the winding tube to a Square if it is not already one. This is 
done by taking the total distance around and dividing it by 4. 
This will give an equivalent dimension of one side only. For 
example, a winding tube that is 1 1/2" «x 1 3/4" would be 1 1/2" x 


2+¢+i 3/74" x» 22 3" + 3.5" = 6.5"/4 = 1.625" equivalent square. 


In the example used the winding tube is already a Square so the 


1 1/8" dimension will be the starting point. 


Starting with the size of the lamination and adding the winding 
tube thickness to each side, the actual dimension of the winding 
form will be obtained. The wire and insulation is added on top of 


this. 


Lamination #16 1250 Kiel oO 4) 
Tube x 2 = .9800 

8- #23 wire = .1920 

Insulation =o OZ 10 


Total = 1.4180 


This gives the build up in one direction of the primary winding. 
When this number is multiplied by 4 it will give the length of one 
turn in the center of the winding, or the mean length turn of the 
primary wire. Thus 1.4180 x 4 x 390 x 1.6966/1000 = 3.75 Ohms. 


The 1.6966 is the resistance of this size wire per 1000 inches. 


It should be noted here that this mean length turn value is used 
in the calculation of the winding leakage inductance of an audio 


transformer. 


The value, 1.4180, is the build up to the center of the primary 
winding, so the primary values must be added in again to get to 
the start of the secondary winding. The entire build up is now 


repeated to clearly show the calculations. 
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These values can be used to determine the output voltage under 
loaded conditions. This is done by subtracting the primary 
voltage drop from the input voltage and, from the turns ratio. 
obtain the secondary voltage. The secondary voltage drop is then 


subtracted from this value to obtain the loaded voltage. 


woe eee oes Lies ye Ne lhis is the effective input voltage. From 
the turns ratio, IT2572/390 «°22"= 6.308 VV." Subtracting the 
secondary voltage drop, Poe is Lovins) Ga Lary. This is lower 


that the 6.3 V desired so adjustments must be made. This can be 
done by adjusting either the primary turns down or the secondary 
turns up. This will not be carried any further as the purpose of 
this example is to show how to calculate the fill and the 


resistances of the windings. 


The weight of the wire can be obtained by using the DC 
resistances. Referring to the wire table, the weights are given 


im Ohms per pound. For example, #23 wire is 12.88 Ohms per pound. 


Then the weight is 2.75/12.88 = .291 pounds. 


As indicated previously, this example was used only to show the 
methods of calculating the winding layers, turns per layer, fill, 
and D C resistances. It can also be used as a guide for designing 


power transformers. 
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The complete design and construction of power transformer and 
inductors can be found in the TRANSFORMER DESIGN AND MANUFACTURING 
MANUAL published by the author in 1984. 


The methods described above will be used in the following examples 


of audio transformers. 
FART II. DESIGN EXAMPLES. 


In the actual design of an audio transformer it is necessary to 
consider all of the requirements one at a time. However, many of 
these requirements interact and this will effect the results so 


they must all be kept in mind while doing the design. 


The examples that follow will cover a broad range of audio 
transformers. Some of them will be relatively easy to design and 


some will be more difficult and time consuming. 


An attempt will be made to go through each design, step by step, 


explaining the thinking as the design progresses. 


The calculations of the various parameters will be given and then 
the actual transformer will be built and tested. The results will 


be compared with the calculated values. 


In order to demonstrate the results of interleaving, a design for 
a 600 Watt transformer has been made and built for a 4 Ohm to 200 


Volt line transformer. 


The complete design will not be shown as the following designs 
will thoroughly demonstrate the design and construction of enough 


types of audio transformers to suffice. 


The lamination size is EI-2 1/8 with a 2 1/8" stack. The first 
design was not interleaved. It was built with the primary first 


and then the secondary. 
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The high frequency response was calculated to be down 3 DE at 9600 


HZ. The measured response was down 3 DH at 11000 HZ. . 
The unit was then redesigned and built with a 2:1 interleaving. 
The secondary was split in half and the primary was put in the 


center. 


The calculated 2 DB down point was 26400 HZ. and the measured 


frequency was down = DBE at 20000 HZ. 
The low frequency response was not effected. 


The following designs have been chosen to demonstrate the three 


most representative types of audio transformers. 
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BxAMELE 1. VOICE FREQUENCY TELEFHONE TRANSFORMER. 


This example will be for an audio transformer used in a telephone 


circuit which has a voice frequency response requirement. 


: ~— 015 
600 OHMS 600 OHMS 
4 8 


Circuit diagram. 


The polarity dots indicate the instantaneous polarity of the 


windings. This 1S important in many audio transformers. 


The specifications call for the following: 

Impedances are 600 Ohms to 600 Ohms. 

Frequency response is + 1.90 DB from 200 HZ to 32500 HZ. 

Insertion loss is 1.90 DE maximum. 

Longitudinal balance is 60 DE minimum from 20 HZ to 1900 HZ, and 
40 DE at 4000 HZ. 

Operating level is + 10 DEM. 

THD at 300 HZ = O.5% maximum. 

Frimary D C current is .990 amperes. 

Fhysical size is given as EI-3/8 lamination with a square stack, 
to be wound on a printed circuit bobbin. 

Frimary D C resistance = SO Ohms maximum. 


Secondary D C resistance = 65 Ohms maximum. 


From F7, the inductance needed is: 
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The design for turns on the primary is done the same as for an 
inductance that carries direct current. Any method for obtaining 


the proper result is satisfactory. 


In this case Hanna’s curves were used to calculate the turns and 


air gap needed to obtain the proper inductance. 


This transformer can be constructed using either 29M6, 50% nickel, 
or 80% nickel. 29M6 is the preferred choice, because it is the 
least expensive, if it will result in the proper inductance and 


the wire sizes will meet the specification for resistance. 


ZIMG will be chosen, to, stant. therstunns: calbcubations. 
From Hanna’*s curves for 29M6 core material, the turns will be 1000 


and the gap spacer needed is .o05". 


Since the gap spacer is put across both legs and the center E, the 
spacer is divided by 2 for a thickness of .9025". A spacer of 
-OO3" will be used to start as this is a standard thickness of 
insulating paper. this value may have to be adjusted when the 


unit is tested. 
The flux density in the core must be checked. + 10 DBM (+10 DBE 


in 600 Ohms) is the power level. By checking the table on F77, 


the power level is seen to be .91 watts. The voltage is: 


E= /001x600 =2.45 V 


The flux density is calculated: 
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This is a low flux density. In general, when using Hanna’s 
curves, it is not necessary to calculate the flux density as they 


are designed to keep it within the proper range. 


The curves in the appendix, FP 80, show the expected THD for this 
material and flux density. They show that the THD will be less 


than .92 %. This is lower than the required 0.5%. 


The current is .91 Watts divided by 2.45 V. Which is .004 amperes. 
The .990 A DC in the primary and the required resistance will 
determine the wire sizes to be used. .09 x .7 = .963. (.7 is 700 
CM/A). From the wire table, P78, #32 AWG can be used, however 
the customer has called out the D C resistance and to meet this 
requirement the turns table, P1100, shows that #33 AWG will fit and 
should meet the resistance requirement. #34 AWG will be used for 


the secondary. 


It can be seen from these calculations that 29M6 material will 


meet the inductance and DCR requirements. 


The frequency response will not be difficult to meet, but the 
longitudinal balance must be considered. This will call for 
splitting the primary in two parts as a 2:1 interleave. This will 


be wound on a bobbin as required by the customer. 


The following calculations are explained in 5.3, Calculating The 


Physical Parameters. 


The fill will now be calculated: 

The window of the Lamination is 5/16" x 3/4". 

The winding length of the bobbin is .673". (From manufacturers 
catalog). 

#335 wire turns per layer = 75 

layers = 500/75 = 6.66 (use 7). 

#34 wire turns per layer =84 

layers = 1000/84 = 11.9 (use 12). 


rT 


ee ; 
#°«¢ nana ontey ner vi ets a + * py 


vt, i‘ 
oa ytileres «vl? saa aluales . 


Sones wgong 8:9 einai +) gee “aa 
2 oe ie 


oc? OFT beetoegae Yr wo te ee a <i Doneaas oa oe uo 4 
od liiw Gye? eft serie worte vert? ttaneb xis + tr Cain oe 
SOLO ben fupe on? mans ~ewol et alat ot whan meng 
; : ; ies 
~~, 21 A929 .V BPS oyd Oebivib este IO. w#t Say ott 
Dram de hae ban iupes en? poe veewina eris nl I G & OPO. erif 
ry CaO. = V. « 0. .beeu ed ct eeste eviw of2 enta veror 
ean od nep OWA SEe .6TI ,eidad evin enfy aunt Ae 
Sean oF Die eoreseviagy 2 0 wit tuo belles eof sehOdseuD « , 
: Jats aaciizg ,OOI) ,wildes enw wit Inmet get, . 
ifkw OW ACH .Sremestupey eonateleey ond toon bivaray | mn 
YW See OF 
\ivedgam AMPS 2and anode lunioa e@eredd mov? eee oc i ae 
; -eioesae iupat AOC ons esnéesaubn? etd ten 
| oF 
| ,Jaem OF Flust*Fib ed Jorn tite SeNnvgqwen Yonawpes? wr ‘ 
oy iteo Iliw wiAT .Benebianos od S2vm eas lad ian tus deee 


ONtIaivoiao .f.@ nt bentelqee eve enciye lus len prinelioy « 


HT eveorl4vesvnir 1: S as 227"%69 Qw? ni yremina ecg lalate i 
yemoseus apts, yd berivpes es nidded @ ae bru 


.eresanata feo tay 

these tus len sa won rib eae adie 

: Mr Yo Ue 

"PLS w "S@1\S wf noiceniong tf. ents 7% wel , 

“Wwitsetvnsm mowad .” Eva. had niddod Hace © Adgnet ga i 


: Nal ory) - 
; uf f as ; 7 | a ‘oo 


Bobbin = .O300 
7 #33 = 1.0553 
Wrap = 0060 
12 #34 = .0840 
Wrap = ..0060 
7 #35 = , O55 
Wrap = 2.9060 
22426/.3125 = .776 x 100 = 78% fill. 


The .906 insulation is 2 layers of Mylar tape. 


Calculating the D C resistances. 
Pe fy 
29600 


»-4902 «x 4 x 5300/1000 «x 17.2416 = 146.9 Ohms. 


20060 
29840 
26556 x 4 x 1000/1000 x 21.7416 = 55.27 Ohms. 
9840 
20060 
6 pce pea 


pa ee 


-78909 x 4 «x 3500/1000 x 17.2416 = 26.92 Ohms. 


This is 16.9 + 26.92 = 43.82 Ohms total for the primary. 
29.27 Ohms for the secondary. These are in conformity with the 


requirements. 


The customer called for a 1ii1 turns ratio so the turns cannot be 


adjusted. 


The insertion loss is calculated using the formula from F18. 
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Since the turns are equal, the first value becomes 1. 


Then: 
Rr =Ro+R, = 55.27 + 43 82 = 99.09 


rit Er = 33.08 x100 = 16.5% 


Ef this is interpolated, it will, be ...75 DE ifon Loxrso it is 
approximately .82 DB for 16.5%. The requirement of 1.0 DB will be 


met. (See page 18) 


The next requirement to be considered is the longitudinal balance. 
This 1s a small transformer with impedances of 600 Ohms for both 
windings. The size and the low impedance makes it easier to meet 


the requirements. 


There 1S no easy way to calculate the longitudinal balance, so 
past experience must be called on. A 2: 1 interleave has been 
chosen. The high frequency response is only 2500 HZ so that 
should be no problem and can be met without interleaving, but the 


balance will require that voltage gradients be considered. 


The 2 : 1 interleave will split one winding so that the voltage 


gradient on each side of the center winding is small. 


eo V oo V 
OV OV 1V IV 


If we assume the start of the primary winding to be O volts and 
the finish to be 1 volt, and the secondary will be the same as 
they have the same number of turns. Then it can be seen that the 
center of the primary will be .5 volt to © volts on the start of 


the secondary, and also .5 volt to 1 volt to the finish of the 
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secondary. This will result in a difference of .5 volt from the 
primary to both the start and finish of the secondary. This will 
result in a fairly equal voltage gradient. Of course there are 
other paths that can upset a perfect balance, for example, from 


windings to core and the dressing of the leads. 


Another way to increase the balance is to put shields in between 
the windings and connect these to ground. A further increase can 
be accomplished by putting in additional shields and using box 
shields that completely enclose both windings. These methods are 
used in instrument transformers, where maximum isolation is 


necessary. 


Ihis interleaving will result in a frequency response much higher 


than required for this transformer. 
The frequency response can now be calculated. 
The leakage inductance is calculated using the formula from F14. 


Where: 


N = 1000 
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Assigning the proper values: 


10.6 x 1000? x 2,54 x (2x 2x.006 n28e2) 
22x%673 x 109 MEE 
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The high frequency limit is calculated: 
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The transformer manufacturing specifications can now be written up 


and the unit built and tested. 


The frequency response test results were plotted on the curve 
shown on page 43. These were run without DC on the primary and 
no air gap, and with DC and the necessary air gap. They compare 


favorably with the calculated results. 


The insertion loss measurements were tested to be .78 DBE. The 


calculated value was approximately .82 DBE. 


The total harmonic distortion, from the curves is .03%. The 
measured distortion was approximately .9O2%. This compared to the 


requirement of 9.5% maximum. 


The longitudinal balance test was measured as -75 DE at 300 HZ. 


The requirement was for a minimum of -60 DBE. 


This same transformer was constructed with shields between the 
primary halves and the secondary to show the improvement that can 
be obtained. This resulted in a measurement of -86 DB. An 


increase of 11 DB. 
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EXAMPLE 2. AUDIO OUTFUT TRANSFORMER. 


Audio amplifiers using vacuum tubes are again in favor after a 


period where transistors were used exclusively. 


Vacuum tubes have a high plate to plate impedance while transistor 
impedances are usually quite low. This makes the design of 
transformers for use with vacuum tubes much more difficult. The 
impedances can be 1090000 Ohms, plate to plate, and above and are 
therefore a more difficult design in order to obtain the high 


frequency response. 


The output transformer chosen for this example is a 1900 Watt, sine 
wave power, unit with a primary plate to plate impedance of 1250 
Ohms. The secondary must deliver power to 16. 8, and 4 Ohm 


impedances. 

The frequency response is to be +1 DB from 20 HZ to 20000 HZ. 
The primary is to have screen taps for ultra-linear operation. 
These taps are at the 60% point of the primary from the center 


tap. That is, 60% of the plate voltage is applied to the screens. 


The circuit diagram is shown. 


PLATE 
| lI6 OHM 
SCREEN 8 OHM 
Bt 4 OHM 
SCREEN COM. 
PLATE 


Circuit diagram. 
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First it 15 necessary to choose a core size, if it is not called 
out by the customer. As explained in Fil, the core size will be 
about the same as for a 300 Watt 60 HZ transformer. Since the 


windings must be interleaved, it will have to have a slightly 


larger core. An EI 1.75 lamination with a square stack will be 
tried. 
Area = 1.75 % 1.753 Hee ann = eS 


The inductance needed will be: 


891250 


= Fx 20 = 19.89 HY 


f 


We will design for 20 Hy. 
Referring to a manufacturer*s catalog, the formula for inductance 


for this lamination is: 


L= .9283x10 x Kx N?xUac 


Then using a permeability of 4000 for 29M6 material: 


if 20 re 
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29283 x10 &x.92 x 4000 


A permeability of 4000 is about right for 29M6 laminations. 


The primary voltage for 100 Watts, 1250 Ohms will be: 
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The turns for a maximum flux density of 17 KG at 20 HZ will be: 


353x108 


N = 44a x2.81x20 xl1VO00xG.45 


= 1290 T 


1300 turns will be used. 

In this case the turns needed for the inductance is less than 
those necessary for the flux density so the 1200 turns will have 
to be used. 

The B+ voltage will be applied to the center of the winding. 60% 
of the voltage will be at 1300/2 = 650 x .60 =290 turns from the 
center tap. this will be 650 - 390 = 260 turns from the plate end 


of the windings. 


Secondary voltages will be: 


IGO0HM E =VIOOXI6 =40V 
8 OHM E =V!100x8 =28.28V 


4 OHM E =/l00x4 =20V 


The secondary turns will be: 


DOOe. Zs 

353 * lOSx40= 155 T 
x 28.28 =1l10 T 
x20 = 78T 


The 1.05 factor is to compensate for the losses. 
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Frimary current: 


Secondary currents: 


6 OHM = 102 =o .5 4 


40 

8 OHM =5e0.= 3.53 A 

& OHM = 02 = 5,0 A 
The configuration must be chosen. This is for the most part, a 
guessing game, using past experience. A 4 to 3S interleave will be 


tried for this design since the primary can naturally be divided 
into 4 sections in series and the secondary will be wound in 5&5 


sections that will be put in parallel. 


The lamination size, the number of turns, and the currents are 
known, and the configuration has been decided upon, the wire sizes 


can be chosen. 


The primary current is .283 Amperes. Using 750 CM/A, .~283 x .750 


= .212, so #27 wire with 201 circular mils will be chosen. 


The secondary is divided into 5 parts. The largest current for 
any one winding will be for the 4 Ohm winding, S Amperes divided 
by 5S or 1A. per section. Then 1 x .750 = .750. So #21-wire with 


810 circulary mils will be used. 
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The following circuit diagram will show how the winding will be 


done. The circled numbers indicate the winding sequence. 
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Winding diagram. 


The lead numbers shown will be connected so that like numbered 


leads are connected together and brought out as one lead. 


For the primary, leads numbered 1 and 5 will be the plates. Leads 
numbered 2 and 4 will be the screen taps. Leads numbered 2 will 


be the center tap for the B+ voltage. 


For the secondary. leads numbered 6 will be for the 16 Ohm 
winding. Leads numbered 7 will be for the 8 Ohm winding. Leads 
numbered 8 will be for the 4 Ohm winding, and the number 9 leads 


will be the Common point lead. 
The fill can now be calculated. The window for the EI 1.75 


lamination is 7/8" wide by 2 3/8" long. The coil length will be 


1/16" less than the window length or 2 9/16". 
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Using the methods shown in the example in Section 5.3: 
The fill will be calculated using the winding order as shown in 


the circuit diagram on page 48. 


The total turns for the secondary are 155. This will be on each 
secondary winding as they are to be put in parallel. The turns 
for the primary are split as shown on page 47. the circuit 


diagram shows how this is done.. 


The winding length is 2 9/16". 


1 #21 wire turns per layer = S52. Layers = 155/52 = 3. 

= #27 wire turns per layer = 130. Layers = 260/120 = 2. 
3 #21 wire turns per layer = 32. Layers = 155/52 =3. 

4 #27 wire turns per layer = 130. Layers = 390/130 = 3. 
3 #21 wire turns per layer = S52. Layers = 155/52 = 3. 

& #27 wire turns per layer = 130. Layers = 390/120 = 3. 
7 #21 wire turns per layer = S2. Layers = 155/52 = 3. 

8 #27 wire turns per layer = 130. Layers = 260/130 = 2. 
9 #21 wire turns per layer = S2. Layers = 155/52 = 3. 


The winding tube will be made up of .9040" thick material. 


Winding tube = .9400 


2 layers #21 = .99023 
Layer ins. = .9100 (2 layers of .005" Kraft paper). 
Wrapper = .0050 
2 layers #27 = ,O308 
Layer ins. = ,9020 
Wrapper = .0050 
> layers #21 = .0903 
Layer ins. = .9100 
Wrapper = ,0050 
3 layers #27 = .0462 
Layer ins. = ,0040 
Wrapper = ,O050 
3 layers #21 = .0903 


Layer ins. 29100 
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Fill continued. 


Wrapper = .O050 
Layer ins. = .O100 
= layers #27 = .90462 
Layer ins. = ,0O040 
Wrapper = ,0050 
= layers #21 = ,O903 
Layer ins. = .O100 
Wrapper = ,0050 
2 layers #27 = .O2308 
Layer ins. = ,9020 
Wrapper = , 0050 
= layers #21 = .9903 
Layer ins. = ,O100 
Wrapper =_ 29109 
Total Oia wren LOO £186. 54 Fill. 


This fill is higher than the 85% ideal, but it will fit with a 


good winding job. 


An audio transformer that is layer wound must be wound carefully. 
The margins at the ends of the windings must be maintained even if 
it is necessary to spiral the windings. This is so that the 
windings are directly above on another and not staggered. 
Staggering will greatly increase the leakage inductance and throw 


off the calculations. 


For this transformer the #21 wire at S2 turns per layer on the 
secondaries will take S2 x .O301 = 1.565" of winding space. Then 
1.565/2.3125 = 67% fill. So the secondary windings will have to 
be spiraled, however each secondary will have 2 taps brought out 
and that will take up some space. A little experimentation on the 


first winding will result in a properly filled winding space. 


The primary windings are 120 turns per layer of #27 wire. 130 x 
20154 = 2.002"/2.3125 = 86.5% fill. This is about right and no 


problem should be had in holding the margins. 
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The DC resistance of the windings can now be calculated. See the 

example on page 28. 
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DC resistance calculations continued. 


2.6730 x 4 x 390 «x 4.2891/71000 = 17.88 Ohms. 
»~9040 
»9462 
»00590 
20703 
_20100 
Paeoecoo.. + x, Ajo os 1.066671000 = 1.87 Ohms. 
BOnGIe) 
Poa bed Rs 
290050 
29308 
_ 20020 
Pe coor 4 w260, vod. 2eol1/1OOO. = 135.25, Ohms. 
~9020 
29308 
20050 
2090S 
4 OaHere: 


Sees NM See oS ke 6 «1.0666/1000 = 2.053 Ohms. 


ear 


The total primary resistance is 9.226 + 15.80 + 17.88 + 13.23 


96.13 Ohms. The voltage drop in the primary is 546.14 


15.88 V. 


The secondaries are all in parallel so that the sum of the 


windings will be: 


| 
| | | | | 
1.276 1459 1.664 1.87 2053 


Re = 


This will be for the 16 Ohm winding. 


i 
ch 
bh 

i 


=.323 OHMS 


ry 


aot FS.Ek = OOO CBR. 4» OSE 4 * x 


4 


| ae 
anf £80.5 = O00t\ese0\!l « BBL « Bx var: = 


(=| ee 
a 
= ES.cL + 86.Nh © 06.618 + ASS.? ef sonateiaes ywemtia fesos”™ 

= Tao. x #f,d@ #f yreming eft ni gosh spetlov ert emit Ot. 


‘We 


end to muse ony, tand of falleveq ar iin od perenne 


Calculate the output voltage: 


oo wea Ie ae i Loo. 4 LSS = 4 B09 = 39.58 Vv. In order to 
increase the output to the desired 40 Volts the secondary turns 


should be increased to 157. Then the output will be 29.9 V. 


The other taps can be calculated rapidly by taking a percentage of 


the total winding. 


For the 8 OQhm winding it will be 110/157 x .323 = .226 Ohms. Then 
Peo ecw = . / 7O Ve drop. see eA OO OU eh el DOs 25 oe 


eo ese ste Ve HOVWisting for 26.28 Vo = Lie turns. 


For the 4 Ohm winding it will be 78/157 x .323 = .160 Ohms. Then 
oxo Oe Yadropn. ST ec g Beats (SB ah et A eae Le Gd I Pare at Ld 


19.42 V. Adjusting for 2O V = BO turns. 


These adjustments will result in a small change in the DC 
resistances, but it wont be necessary to go back and make all the 


new calculations. 
Calculate the leakage inductance using the formula from page 14. 


N = 1200 
MLT = 2.5175 «x 4 =10.07 (From the center winding). 
WL = 2.3125 


4 (Interleaves). 
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For the high frequency response: 


-(1300\° y 16 41250 = 2347 
oo -[S22) x16 I250 
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This calculates to be O. K. 


The design is now ready to write up the manufacturing 


specifications and build and test the unit. 


The graph on page 60 shows the frequency response test results. 
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TRANSFORMER DESIGN SERVICES 
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EXAMPLE #23. LINE 10 VOICE COIL TRANSFORMER... 


Line to voice coil transformers are widely used in the 
transmission Of music and for public address systems. A design 
for this type transformer is one of the most difficult to obtain. 
The following example will show the design of a typical line to 


voice coil transformer. 


The requirements for this unit are: 
70.7 volt line to 4, &, and 16 Ohms output with power ratings of 
8, 16, and 22 watts. The frequency response is + 1 DB from 20 HZ 


fi eG. tH Z. Insertion loss of 0.5 DE maximum. 


BW I6 OHMS 
I6W 8 OHMS 
32W 4 OHMS 
COM COMME) 


Circuit diagram. 
Connections to the appropriate leads will give the desired wattage 


and output impedance. 


Secchi S UPiteWliesbemabOiiieeeDE cown at 15 HZ € -1 DB at $0 HZ) 
Pio will Reqnirers Lamination. tiiat -camwsupport about G2 Watts X 4 = 
weeavAmGeolrize « By dividing 60 HZ by 15 HZ a factor of 4 is 
obtained for power requirements of the lamination for this 
transformer). From the table, page 79, EI~-1i 174 X 1 1/74 18 good 
for 90 VA. Al 1/2 inch stack of this size lamination should be 


about right as a starting point for 128 VA. 
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The primary impedances can be calculated from Ohm’s law. 


2 2 
2 
LO. = 312 
2 
for =e 5 


Then calculate the primary inductance necessary. from page 7. 
For the 32 Watt primary. This winding is used as it will have the 
least number of turns, and as shown later, the maximum flux 


density must be calculated for this winding. 


From the manufacturers catalog for this lamination: 


= 665x10°x Kx N2x UWac 


This formula is for a square stack. For ail 1/2" stack it will 


changed by a ratio of 1.5/1.25 = 1.2. The formula will then be: 


L= 665x108 xL.2xK x N°x Lac 


Using a premeability of 4000 for M& lamination. 


L655 we 237 


N =/ 665x1.2x%92%4000x10 


These are the turns needed for the 22 Watt winding, to obtain the 


proper inductance. 


The area of this core is 11/74 X 11/72 X .92 = 1.725 sq. in. 

A reasonable flux density is about 15 KG or 96750 lines. Using 
this flux density, and calculating the turns needed (from the 
formula on P 20): 


ie 70.7 x108  ~ 


= 4.44 x 1.725x30x96750 ~ 8 


7 a | 
qaeenen sora 3S hive ‘ini att otal 


a mo” y © 
et tiiw *¢ em beny wr GORA ena oe aL sal 2 
t} gum item acta wel needa aa bow ee ort ios a 
. <i) i 
-onfboiw acnig “ar soya iustem od tau. 9 # 
vr cays 2h + eee 1% ae : 
Ont OF TT a fa ; 
; ae A 
Litenirne!l eis * bo lata> ee eee ait a aor 
j ‘> 
‘ A A, 
AD eae, Ee *hixe 4g, 2. 3- a 
| 14 
w : ) -\l | «2 369 . Sf s4.upa & WO zi eiuersh 
1» f ww ALI 7) 9 iT —- | = Gs af ea | Tia gies & wd & 
tae Vooes an iOieega. a a 
ne tdentaat 64 ser 000% al vee es * petal 
; ; 7 = 


oe ee 


a Te , 2a), \. 
545 —orrwennerstt 
ak OO * SOx SINGS, me 


9 nissido oF ~onrbriin Jsah ST ert WF vatiaen tetas 


nt spe GST.t = Bes | +? oe aoe t me 
pnizy .aenil OB<ae GM EA twede et b Sete 
ong mont) bebe enrwe ar: eaten ee 
cm ee 

os Pre 


* > mite 


Tt can be seen that 237 turns as calculated for the inductance 
will result in too high a flux density, so the 318 turns must be 
used for the 32 Watt winding. (As mentioned before, this winding 
has the lowest number of turns and 70.7 volts will be applied to 


all the primary windings as they are used). 


By taking 318 turns for the 22 Watt winding, since the turns ratio 
is the square root of the impedances ratio, the turns for the 


other taps on the primary will be: 


Dehn - 
i6 W= “5e CX 318 = 450 
8W= 625 = 
/ S22 x 318 = 636 


The turns for the secondaries can now be calculated. 
By taking the 718 turns for 22 Watts, the turns for the 


secondaries will be: 


Sh akon e 
4 OHM = /7e= =X 318 = 5 


at ise = 
8 OHM =/7je— *31=72 


I6 OHM =/ 56 x 36 = 102 


The configuration as shown later will result in a change of turns 


in both the primary and secondary. 


The configuration must now be considered. It is advisable to 
split the primary so that a 2:1 interleave is acheived. By 
splitting the primary in the center of the low impedance winding 

( 32 Watts) and adjusting the winding configuration of the primary 


and secondary the minimum voltage gradient can be obtained. 
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If the 318 turns can be split into 159 + 159 and then put the 4 
Watt winding in. between. The 4 Watt winding is S2 turns. This is 
Shim teethi.GecO, +) 26. So we now have 159 T pri ss; 26 T sec + 26 T 
SEC) ei59AT pri. We need 218 turns more on the primary and 52 more 
turns on the secondary. In order to preserve the voltage 
gradients and split the windings evenly, the additional primary 
turns should be divided and added at each end. The additional 
secondary turns should be put in the center of the secondary. 

Then the winding configuration will be: 159 hb +elrSvatis 26 Rate2é 
PeseeogbetheG tielsS Hatwagng This will give the total primary 
turns and secondary turns. It remains to number these windings so 
they will be connected properly. 

Pag man ovhg £6 +pe6uti Zorn 26R5159 + 159 

“A 7 ras ad = o-/e)E-S 2 A-4° 1-2 
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This circuit diagram will show how the windings are interleaved. 
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The circled numbers in the diagram show the order in which the 


windings will be wound. 
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Circuit diagram. 


The primary will be: 

3-A, A-4 = 318 turns for 32 Watts 
2-3-A-4 = 477 turns for 16 Watts. 
1-2-3-A-4 = 636 turns for 8 Watts. 


& aad cory suet 

@:. wiat lene ees pep b ve ; 
T' 62 + 348 , ae Ving ta it apt seperti thc: : 

exch Of Ae yang: ant 8 ws , we n ' 


" a avec 


eped tiv ed au weet, oF abeiel nt te odd 
PVA ranaki tibia ere vies eer vim i te 


pe aT . ane “ao an o% etis been bets bul ib 


ye i> fe 
~rnboeser at ~vetrea ortt, At gue ad boi 
Lao 
as + 7 &S af OG * F Vey rod fete nei see See eb 


G 

aning Lato? af? avip [liv ‘eany  2T Fat + Tf ee 
onitrniw seats “edaun oF antena JI -2nrd cinema one 
y Dvageste betta 


. ¥ 


eer e O81 :a2 + a8 + BE ee 


Sr @--p 8-8 ‘4 Od58 Ses - 
ae wir he SS - 
(8) AL (3) (: ‘) ( ay & vial @) 


ets sonibiiw ene worl wore toi mage th 9 teu 


ij rgpiftw al er wm aetz vicars me We VS aot ars “edaun etsory 
-hueaw eet tw “ 
? ‘ 
: cn gp ee - 
(* es _ fi ‘ 
a ed 54) Ce ae 
7 ¥ iid el Re 's 9 
pe lt CS. f\ 
* ha : ag LS ¢ 
ee iN 
ia}. | ee 7 
‘ ie i A 
; _ 
4 
. 7 
: 
ae) _ 
a + 
- ain 


Cre Sect) ae 
fe . 


Since 2-3 I-A are together they can be wound as one winding of 718 


turns tapped at 159 turns, and not be separate windings. 


The secondary will be: 

etme oor eu bot OO) = Os) turns tor 16 Ohms. 
Seve e/ hot BS ee 8 turns for & Ohms. 

7-B + B-8 = S2 turns for 4 Ohms. 


This will result in the correct turns for the 8 Watt and 32 Watt 
windings, but the 16 Watt winding will be 477 turns. This is a 
deviation ot 6% which is acceptable. Also the secondary turns 
have also been adjusted and will result in a deviation for the 8 


Ohm winding of approximately 6%. 


The next step is to determine the wire sizes and calculate the 
ee he bo Be 


The highest current in the primary will be in the 22 Watt winding. 
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The highest current in the secondary winding will be the 4 Ohm 


winding, and at 32 Watts. 
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#26 AWG wire will be 254/452 = 362 CM/A for the primary. 
#16 AWG wire will be 1.624/2.82 = 575 CM/A for the secondary. 
These sizes are smaller than suggested previously, but will be 


sufficient, as they are worst case for 32 Watts and 4 Ohms. 
CALCULATE THE Fil. 


The window for this size lamination is 5/8" «x 1 7/8". The coil 


length should be 1/32" shorter than the window. 


Coil length = 1 27/32" 
#246 winding length = 1 19/32", the margins will be 1/8" each end. 
Turns per layer = 80. (From the wire table F7®). 
Layers = 318/80 = 4 
#16 winding length = 1 19/32", the margins will be 1/8" each end. 
Turns per layer = 26 
Layers = 26/26 = 1 

#16, 26 turns = 1 layer. 


#16, 26 turns = 1 layer. 
#16, 26 turns = 1 layer. 


159/80 
#26, 80 turns per layer = 159/80 
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#26, 80 turns per layer layers. 
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bh 


layers. 


The fill can now be calculated using the configuration on page 6 
Winding tube = .0400 
4L #26 wire = .9684 


Layer Insl. 9090 ( 3 layers .O03" Kraft paper). 


Wrap = ,0100 FE 
1 L #16 wire = .0527 
Wrap = .0100 KF 
1 L #16 wire = .0527 
Wrap = .0100 EK. 
1 L #16 wire = .90527 
Wrap = .0100 K 
2 L #26 wire = .0342 
Layer Insl = .0060 F 


Wrap = .O100 K 
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Fill continued. 


2 LL #26 wire = .O0342 
Layer Insl. = .9060 EF 
Wrap 20100_K 


24265/.625 x 100 = 70%. 


This fill is O. EK. if other parameters are met. 


The winding resistances can now be calculated. (See F27). 
From the fill figures and the lamination size: 
The equivalent of a square tube will be 1.25 + 1.5 = 2.75/2 = 


0 ie da 


Core = 1.3750 
» 9800 
» 9684 
+9700 
1.5324 x 4 x 3318/1000 x 3.4005 = 6.628 Ohms. 
~0090 


1.6725 x 4 x 26/1000 x .3346 
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Ohms. 


1.7609 x 4 x 26/1000 x .3346 = .0612 Ohms. 


29100 

20527 
1.8763 x 4 x 26/1000 x .3346 
AW oa ae 


20100 


ii 


2.9652 Ohms. 


20527 
1.9917 x 4 x 26/1000 x 43346 
» 0527 

~9100 

~O342 


»-9693 Ohms. 
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Continued from previous page. 
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2.0916 x 4 x 1599/1000 «x 3.4008 = 4.5223 Ohms. 
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The mean length turn will be in the center of the windings which 
Wittens Legon x 4 = 7.5" 5 This will be used in calculating the 


leakage inductance. 


This winding configuration has all of the secondaries in between 


the primaries, so a 2 to 1 interleave will be used. 


From F 14 , the formula for leakage inductance, using the values 


for this transformer is: 


— 10.6 x(636)2x7.5 x(2x2x.010+,4265) _ 
3 22x 1593x109 = 00235 
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N = 636 (¢ the total primary turns) 


The high frequency response can be calculated using this value of 


leakage inductance. 
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It should be noted that this has been calculated using the entire 
primary and secondary. When taps are used for different wattages 


and outputs, the high frequency response will not be as good. 


This is due to the windings that are not used causing the 
effective leakage inductance to be different. This is difficult 
to calculate and, when the upper end is beyond the requirements, 
it will not be attempted. However it will be tested and the 
results put on the frequency response graph to show the 


difference. 


The insertion loss requirement is for 9.5 DB maximum. 
From F 63, The total primary turns are 636. The total secondary 


turns are 104. 


By adding the resistances, as calculated on pages 67 & 68, the 
total primary resistance is 6.28 + 4.523 + 4.706 = 15.5 Ohms. 


The total secondary resistance is .0582 + .O0612 + .O0652 + .0693 = 


oe 2 


LIN, — (656 25 
Re= a xR, +R, = cal %,254+4 155= 


R 25 
- —‘L = 
Le 7, 1007 — Go5*!00= = 4% 


Referring to F188, this being less than 10% it will meet the 0.5 DB 


maximum. 


The insertion loss will be different for the different taps. This 
makes it necessary to calculate what probably is the worst case. 
This is for 32 Watts and 4 Ohms as they are the windings that will 


carry the highest current. 
Using the resistance of the 32 Watt winding, 3-A, A-4. S-A will 


be 6.628/318 « 159 = 3.7214. A-4 is 4.523. The total will be 
3.5014 + 4.523 = 7.84 Ohms. This is for 318 turns. 
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The 4 Ohm winding is 7-EB,E-8. fae. Oa 


bh 


A B-8 = .0692. Py Oath 2 
says See Sie /7S Ohms. his 1S for S22 turns. 
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The impedance for 22 Watt is 156 Ohms. 


Then: 


R,= SEY 1275 + 7.84 = 12.60 


1 = 1260 


156 * lOO = 8.08% 


This is also less than 10% for the ©.5 DB maximum. 


The design is now complete and the manufacturing specifications 


can be written up, the unit built, and tested. 
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TRANSFORMER DESIGN SERVICES 
5200 IRVINE BLVD., NO. 107 
IRVINE, CALIF. 92714 
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TOTAL HARMONIC DISTORTION TABLES. 


The following tables are the results of testing actual 
transformers. They should only be used as guide lines for 
estimating the distortion that can be expected using these three 


materials at different flux levels. 


The hysteresis curves of these materials show that the distortion 


increases as the flux level approaches the knee of the curve. 
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The following tables show the turns of each size of wire that can 
be fitted into different sizes of laminations, both layer wound 


and bobbin wound. 


These tables will be a help in determining the possibility of fit 
in a design after the turns and wire sizes are chosen, and before 


spending a lot of time calculating the fill. 


For example, if the design shown in 5.2, page 21, was stopped at 
the point, page 25, where 290 turns of #23 wire was determined for 
the primary. and the table of page 92 is consulted, it can be 
shown that it will fit, 290/848 X 100 = 46%. This is less than 
1/2 of the available space and is about right for the primary 


winding in a normal design. 


These tables can save a lot of design time that might be necessary 
in juggling between turns, wire sizes, and lamination sizes. 
However, where extensive interleaving is used, 46% #111 for the 


primary winding might result in a tight fit. 
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28-29 EE LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS. 


Coil length = 19764" Window width = 1/8" 
Mean length turn = 0.98". 


Wire Min. layer Turns/layer MAX o max. Resistance 
Gage insulation layers turns square stack 
22 11-. 003K. & 3 18 0237 
23 Li~.OOSF. / a 21 20345 
24 bl=s00zk 7 4 23 » 9587 
Zo 11-. 002K 8 4 EGE: 086 
26 Li-. O0ZE 9 ral] 45 -150 
z7 il =. 002K 11 a oo a 2nd 
28 11=.00135K 12 6 12 » 281 
a7 L1=, 00136 = Y 91 . 608 
wo 11>, 0018 15 8 120 1.9011 
ok 11-.Q001kK 17 8 13 1.445 
oe 11-.001k 19 9 171 2e2n72 
oo 11-.901K Zt | 10 210 a. J48 
34 11-.901K 24 at 264 32 625 
35 11-.901K 27 RS oat 9,431 
iT) 11-, 001k 30 14 420 14.228 
Ss? 11-.001Kk 34 16 344 23024 
38 11-. 001K 37 18 666 35.87 
39 11-.00075K 43 29 B40 28.42 
40 11-. O007SK. 48 oe 1056 90.47 
41 11-. 9005 oo 26 1378 148.89 
42 11-.0005K 29 28 1652 22m. 72 
43 11-. 90005K 67 31 2077 356.88 
44 11-.000S5K 77 35 2695 988.10 
45 11-.0005K 85 38 3230 883.1 
46 11-. 0005SK 94 41 3854 1224.1 
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EI-186 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS. 


Coil length = 15/64" Window width = 3/16" 


Mean length turn = 1.39" 


Wire Min. layer Turns/layer Max. Max. Resistance 
gage insulation layers turns square stack 
Fas 11-. 003K 4 a 20 ~O374 
25 L1- 2, O03K 4.5 = Vee Souls 
24 11-. 002K ra 6 30 0892 
2 11~-., 002K 6 & 36 2135 
26 Pi-s OO2F. 6.5 7 45 ~z212 
a7 PP= 2 O02 iu 8 pai fon 2 304 
28 Pros OO LS 8 9 Fs 041 
7. 11-.0015K 9 10 90 - 853 
30 11-. 001K 10 12 120 1.435 
Sp | 11-.001Kk 11 13 143 2.155 
pr 11-. 001K P2eo 14 175 3.326 
oS 11-,001K 14 16 224 3. 368 
ne 11-. 001K 16 18 288 8.71 
3S 11-.001Kk 18 20 360 ph pol A 
36 11-.001K 20 ee 440 21.14 
37 11-. 001K 2269 24 340 oee le 
38 11-. 001k 20 ad, 675 91.57 
39 11-. 00075K 27 31 B99 B4.62 
49 11-.90075K 32 34 1988 132.2 
41 11-—. OOOSE 35 39 1365 209 ea 
42 11-.90005K 39 42 1638 317.4 
43 11-. 000SK 45 47 2115 915.4 
As 11-. 9005K a1 rat 2703 8356.46 
45 11-.0005K 36 a7 BD ie ges 1237.9 
46 11-. 0005K 63 Ze 3906 1903.4 
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EI-187 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS 


length = 13/32" Window width = 3/16" 
length turn = 1.39" 


Min. layer Turns/layer Max. Max. 
insulation layers turns 
11-—. 0025K 9 ei 43 
Ll. OOSL 10 a SO 
11-. 002K 11.5 6 oy 
LL. O02. a 6 78 
Lim. OO2k 14.5 7 101 
11-. 002K 16 8 126 
£1.00) 1 Sie 18 7 162 
Li, 001 SE 20 10 200 
PIM .00 lik aS re Fh hw) 
11—. OO1E pial end ts sii 
Pr. OO tic 28 14 sathy Be 
Rie OUT be Fa Aare 16 304 
i OL 36 18 648 
Lim, OO1E 40.5 20 810 
be Nee 80 hs 45 = 945 
Li, Ooi i Ow 24 1212 
Pi OO Lae, ifn oar iSi2 
11-2 000 2b 65 ol 2015 
Ll QlOU Lae: 7S 34 2482 
11—. OOO ZOE BO oo, AL) 
11-.00075K 88 42 3696 
Li-—, OO07Skr 101 47 4747 
11-—. O00SK 115 reg 6095 
11—. OO0SK 1 ee ~ive haere. 
11-.000SK 141 62 8742 
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square stack 
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478.0 
7164.5 
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Min. layer 


insulation 


1) O00K 
11-, 008K 
11-.9002K 
Lis. POSE 
11>. 002k 
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11-.0015K 


il=.9015 
11-. 001K 
i1=.001 
11-.001K 
11-. 001K 
11-.901k 
11-. 001K 
11=.001Kk 
11-.Q01K 


11-. 00075K. 
11-.00075KE 
11-. 900075K. 
11-. Q0007SK. 
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11-. 9005 
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11-.90005 


11-. 0005F. 
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EE~-24-25 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND 


length = 15/32" Window width 


(DPE a 


Turns/layer 
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square stack 


» 1660 
.2087 
- 4480 
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1.03 
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2.67 
4.143 
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29.14 
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EE-26-27 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS. 


Coil length = 21/32" Window width = 1/4" 


Mean length turn = 2.42" 

Wire Min. layer Turns/layer Max. Max. Resistance 
gage insulation layers turns square stack 
ee 11>. 003k. 14 & 96 « oh 2 
Zo 11=. OOSK 18 & 108 4425 
24 11—. 002K 20 iv. 140 - 7250 
20 14 =, "O02 2 8 184 1.201 
26 11-. 002K 26 7 234 Lee 
27 11=—. 002K oy 10 20) 3.O1 
2° 11-.90015K ao Pi 396 5.184 
29 17=—.0015K 36 is 468 71724 
30 11-.001K 40 16 640 12.47 
a1 11-. 001k 435 16 720 18.89 
5 11- .0O07F wo 18 90 297.8 
33 Pl O0TK 34 20 i to 46.74 
34 B= OO7K 64 ae 1408 58.76 
ons Lr J0O0OTK 72 20 1800 119.45 
36 LYS O0TK 80 27 2140 180.7 
37 11-.001K 90 20 2700 284.9 
28 11-.001K 100 34 3400 452.2 
2 11-.00075K 116 38 4408 7FSPOG 
40 11-.00075K 14 42 3418 1093..0 
41 11-. 0005K 142 49 6958 1857.90 
42 11-.9005K 157 ai 8321 2808.0 
43 11-. O00SK 180 39 10620 4507.90 
44 11-. 0005K 205 66 13530 7300.0 
45 11-. 90005K 226 71 16046 10836 
46 11-. 0005K 2ul1 r A=) 19578 164613 
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EI-375 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS. 
Coil length = 172" Window width = 2/4" 


Mean length turn = 2.75". 


Wire Min. layer Turns/layer Max. Max. Resistance 
gauge insulation layers turns square stack 
20 ili. OOSK 13 & 78 ~ 1810 
21 Ll. OOSk i 7 105 » SOLD 
22 Llc. OOSK 16 8 128 24734 
25 Is. OOS. 18 a 162 «7208 
24 11-. 002K 2 10 210 12.235 
20 Lh. OO2ZK 25 11 200 1.8767 
26 1.1—-. 0OO2K Zo 12 5 he 2 at? \s/, 
av. Li—. OO2ZK 27 LS 435 3.130 
26 11-.9015K od 16 49& oa FO 
29 Li. OO1SK aS 17, 612 11.476 
30 LL. OO1K 40 29 BOO 1S.2 
ul: £1... 001K 4a 22 968 28.86 
oe 11-.001K 49 24 11746 44.224 
ae 11-. 001k race 2y, 1485 70.41 
34 11-.9001k 63 30 1890 113.0 
33 11-. 001K 71 34 2414 182.90 
36 11-. 001K Eom mr 2886 274.33 
Sah: 11-. 001k 85 40 3400 407.58 
38 11-.001K 96 4& 4224 638.48 
39 11-.00075K 107 oi 5457 1940.21 
40 11-. 00075K 119 rat =) 6664 1602.0 
41 11-.000S5K 133 46 8778 206 Jers 7 
42 11-. 000S5K. 152 74 11248 4300.0 
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EI-21 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS 
Coil length = 25/32" Window width = 5/16" 


Mean length turn = 3.12" 


Wire Min. layer Turns/layer Max. Max. 
gage insulation layers turns 
20 1-7. 08K hee} & 90 
Pan 1 =~ .GOSK. Li 7 D197 
me 11-. 003K 20 8 160 
Zo 11-. 003K mo o 198 
24 11-—. 002K 24 10 240 
a 11-—..0072K on, 11 a J 
26 10.1002. 9 | fs WW eed 
Ful f 11-—. OO2K 24 5 442 
28 11-.0015E os? iS 985 
oy 11—.0015K 43 17 Te 1 
a0 11 —.001K 48 se ses 
31 11-. 001K 54 2 1134 
32 | 11-.9001K a9 25 1357 
SO 1 OOK 67 26 1742 
34 11 —. OL 76 29 2204 
3S 11-. 001K B64 32 a fe Fe 
36 11-. 001K a5 35 3325 
37 11—.00UK 107 7, 4173 
38 11-.00075K Lag 45 3805 
7 11-.00075K Bary 50 6250 
40 11-. QO07SK 154 ey 8470 
41 11-. 00075. 168 64 TOF 
42 11-. 0005K 187 79 13090 
43 11-. O00SK 214 78 164692 
as i, WORSE 243 87 21141 


Resistance 


square stack 


. 2375 
~ 396 

6714 
1.048 
1.4602 
2.50 

3.947 
5.915 
9.87 

15.55 
24,47 
28.36 
58.1 

92.71 
118.4 
225.4 
358.6 
557.6 
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EI-625 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS. 


Coil length = 29/232" Window width = 5/16" 


Mean length turn = 3.62" 


Wire Min. layer Turns/layer Max. Max. Resistance 
gage insulation layers turns square stack 
18 11. O0SkE (fe = 735 »145 
i? 11—.00SE 16 je BO ~ 194 
20 11 —,. OSE 18 & 108 2 20 
Fag 11 =. OOS, 20 A 140 ~D41 
me i OCak res 8 184 -896 
wages 11-. 003K 25 sed 229 1.382 
24 11-. 002K cp 10 310 2.40 
Page ti. CO2Ze aed 11 385 3.76 
25 i1—. O02; ory Pa 468 376 
Ped 11-. 002k 43 = a0? 8.68 
28 te OO TE, 49 iS 733 14.39 
AS 11—, OO1SE 34 17 213 22.66 
30 11-. 001K él ee 1159 36.1 
nH Li. OO1k 68 ra | 1428 36.1 
32 bi OLE 73 eo 1725 85.4 
So 11-—. 001k 85 26 2210 137.95 
34 11-—. 001K 96 2? 2784 219.1 
a 11 =. O01 108 32 3456 343. 
36 11-.001K 120 oo 4200 2026 
37 11-.001K 135 me 9265 831. 
38 11-. 90075K 150 45 6750 1343. 
39 11-.900075K 174 SO 8700 2183. 
40 11-.00075K 194 ba 10670 Sots 
41 11-.0005K 212 64 13632 9441. 
42 11-. Q00SE 226 79 16520 8338. 
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EI-75 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS 
Coil length = 1 1/16" Window width = 3/78" 


Mean length turn = 4,33" 


Wire Min. layer Turns/layer Max. Max. Resistance 
gage insulation layers turns square stack 
18 11-. 003K 18 6 108 ~249 
19 MOOS. 20 140 avis 
20 11—. OOSK 23 2 161 0 IFO 
task i OOS 26 8 208 ae =18) 
a 11 00SK 28 ed 202 1.467 
as 11—. OOSE Se 10 320 Payealacin | 
24 11-. 002K 36 LE 432 4.00 
20) 11-. 002K 40 Ps 20) 6.07 
26 £1. 00K 4& 15 690 10.164 
a7. iba Race a rdf ra | 16 816 13.1'5 
23 Lis COTS 37 18 1926 24.0 
oe SOOT SK 63 20 1260 7 ate 
mi) js Ge ey 8 vA 24 1704 63.45 
mS | 11-—, 001k ve 26 2054 96.41 
ae LOR), 87 rhe Fide Fes 149.38 
ao in =, COTE. cigs Se 3168 226.9 
34 11-. 001K i 35 3920 369. 
3o 1402 126 39 4914 583.3 
36 11-.001K 140 43 6020 7O1% 
yf 11-. 001K 157 47 TOT 7 1396. 
38 11-.00075K 175 ~4 9450 2249. 
S7 11-. 00075K 203 61 12283 S716. 
40 11-. 00075 227 67 15209 3756. 
41 11>. O00DK 248 Td 19096 9115. 
42 11-—. OOOSK 2735 85 23375 14110 
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Coil length = 1 1/74" 


MAXIMUM TURNS FOR LAYER WOUND 


Mean length turn = 


Wire 
gage 
18 
19 


N 


me 


Nom N WN 
td hd 


£ 


hJ 
cn 


Min. layer 
insulation 
11, OOSK 
1i-..O0SKk 
11-—,00SF 


11-. 003K 


11-.002k 
11-,002Kk 
11-. 002K. 
11-.002K 
11-.9015K 
11-. 9015 
11-901 
11-.001K 

a Se ROE) Li 
11-,001F. 
11-. 001K 
11-. 001K 
11-.9001K 
11-,.001K 
11-. 90075 
11-., 00075K 
11-.00075K 
11-. O00S5KF 


11-.9005K 


EI-87 LAMINATION 


Turns/layer 


Window width 


- 91 


TAG" 


Max. 


layers 


COILS. 


Max. Resistance 


turns square stack 


154 2 286 
200 » 6763 
202 1.074 
310 1.6646 
385 1.97 
468 5.70 
614 6.54 
784 10.466 
5 ote 16, O53 
1159 25.06 
1518 41.38 
1848 63.51 
2408 104.4 
2945 160.9 
3604 248.4 
4560 fhe eave 6 
3712 615. 
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EI-100 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS. 


length = 1 7/16" Window width = 1/2" 
length turn = 5.71" 


Min. layer Turns/layer Max. Max. Resistance 
insulation layers turns square stack 
LE = 5 OOS 21 & 126 241 
11-. 005K ae UE 161 . 88 
PL = 3 OOSK 26 8 208 2632 
11-. OOSK Pe 9 261 1.00 
11-. 002K Pais 10 3320 1.460 
11-. 003K Rs Ps 11 407 2.48 
11-. 003K 41 io pal 4.10 
11-. 003K 46 14 644 6.24 
fi. COLE aa 16 B22 10.16 
bis 002k 38 18 1044 16.08 
Li. CO2ZKk 465 20 1300 25.24 
tE=;00ZK 72 22 1584 38.8 
$}=200135F. 81 Fa 2020 62.53 
11-.0015K 90 ‘e7 2430 94.61 
11-.001Kk 102 32 3264 160.27 
11-.001K 113 So S935 244.8 
11-.001K £23 38 47350 3790.9 
11-.001K 141 43 6963 397. 
11-.001K 159 48 7632 947.4 
11-. 001K 180 ver 9540 1493.4 
11-.001K 200 w8 11600 2289.4 
11-. 001K 225 64 14400 3584. 
11-.00075K 200 73 18250 9728. 
11-. 00075 290 B35 24070 93526. 
11-.900075K 324 91 29484 14716 
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EI-112 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS. 


Coil length = 1 S/8" Window width = 9/16" 
Mean length turn = 6.60" 


Wire Min. layer Turns/layer Max. Max. Resistance 
gage insulation layers turns square stack 
14 11-. 905K 24 7 168 gtd 
17 Li—. OGSK 27 8 216 602 
18 11-—.903Kk 30 10 SOO - 784 
19 11-. 003K 34 11 374 1.656 
20 t1=—. GOSK 38 is 456 2.90 
v5 | 11-. 003K. 42.5 13 352 3.89 
22 i=. GOSk 47.35 15 AL2 6.32 
2a 11—. OO3K pa 16 B48 9.38 
24 Ei—, QO2K a9 18 19062 ) bor 
fab) 11-.902K &7 20 1340 235.86 
26 11-. 902K. 73 25 1725 38.72 
ZF 11-. 002K 83 20 2075 358.74 
28 11-.0015K 94 29 2726 97.35 
29 11-.0015K 104 ae 3328 149.78 
30 11-.001K 117 no; 4329 245.7 
al 11-. 001K 131 41 2371 384.3 
ae 11-.001K 144 44 6336 ei ated 
33 11-. 001K 162 49 7938 903.3 
34 11-.001K 184 a 10120 1452.2 
3S 11-.001K 208 61 12688 22976. 
36 11-.001K 250 67 15410 so1S5.7 
ae 11-.001K 258 74 19092 D493. 
38 11-.00075K 298 85 24480 8881. 
38 11-.00075K Sos 96 31968 14625, 
40 11-. 90075K 372 105 39060 Zadou « 
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EI~125 LAMINATION. 
MAXIMUM TURNS FOR LAYER WOUND COILS. 


length = 1 123/716" Window width = 53/8" 
Pengen turn = 7o2t 


Min. layer Turns/layer Max. Max. Resistance 
insulation layers turns square stack 
14-7; GOS af 8 216 anal 
13 2 0OSK 20 9 270 822 
Li; OOSE 34 10 340 1.304 
11>. OOSK 28 11 418 2.2022 
11-. 003K 4z 13 59 3.41 
LL; 00SE 48 14 672 wel/ 
11=—. OO3K 34 14 864 8.28 
£43 OOSK 60 18 LOSO" O13. 2s 
11-. 002K. 67 20 1340 20.67 
11-. 002K 73 22 1650*°32.1 
11-. 002K 85 2a FD VE de) ce Parag OP 
er ALS Fed 8 94 a 2Jj29' 78.468 
11-.0015K 106 ay | 3286" "128.1 
Sp Meme ASLO yr rr/ 34 ey Cape Fa 
PRASOO Se roa 40 S280 327.4 
ik=7001ik 147 Ag 6468 505.6 
11~.901K 162 48 TAT £- ek -\- TX 
LE-—sOOTR 18s 54 9882 1228.4 
11-.9001K 207 60 12420 1946.8 
11-. 901K 23 67 15678 3099. 
11-.001K 260 73 18980 47390 
11-.001K bale BO 23360 7341 
11-. 00075K se 92 29900 11849 
11 —-. 09075K 376 104 39104 19542 
11-. 00075K 421 114 47994 30248 
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EI-~138 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS 


length = 2" Window width = 11/16" 

length turn = 7.66" 
Min. layer Turns/layer Max. Max. Resistance 
insulation layers turns square stack 
11-.010K 19 & 114 ~ 146 
11]. 070K 21 7 147 024 
iis OY OR 24 8 192 oo? 
11-.007K 29 8 22 - 60 
11-. 007K. ep 10 330 1207 
11-.007K 37 11 407 1.46 
11-. 005K 43 a 316 2.65 
11-. OOSK 48 14 of a 4.35 
11-. 905K 34 15 810 6.6 
11-. 005K 62 18 PY16 *210.5 
11-.005K 49 20 1380 sear d 
11-. 003K. 78 ae 1794 Pk dere 
11-. 003K 88 26 2288 47.2 
11-. 003K 98 29 2842 74. 
11-. 003K 110 32 S520 114. 
11-.9001S5K 123 37 43551 189. 
11-.0015K 136 40 2440 287. 
11-. 001K 153 Ady 6732 445. 
11-.001K 172 49 8428 700, 
11-.001K pe rai i 10213 1060. 
11-. 001K 213 78 123554 1630. 
11-.001k 241 69 16629 2160. 
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EI-150 LAMINATION 
MAXIMUM TURNS FOR LAYER WOUND COILS. 


Coil length = 1 7/16" Window width = 1/2" 
Mean length turn = 8.4" 


Wire Min. layer Turns/layer Max. Max. Resistance 
gage insulation layers turns square stack 
i= 11 O10K a | v4 147 re! 
14 11-. 001k 24 8 he ge 2o4 
pO 11-. 901k far s 8 2146 -48 
16 11-. 007K. Be re! Fhe Ao -84 
1 rd 11-. 006K Ff i354 407 1.44 
18 007% 41 12 492 Zee 
i? Vi OOnK 47 is 611 3.45 
20 11—, OOSK mas i 7935 326 
21 11-. 005K a he ih 1003 ce 
ae 11-. 003K 69 20 1380 15.6 
aS 11—. 003K Ti, ae 1694 24.0 
24 11-—. OO2K. B& 26 2256 41,90 
2d 11 = OO2ZK of 28 2716 63.3 
26 LiL, OO2K LOD ae 3488 100 
ee, 11-—, 002K hick 3S 4235 153 
28 11-.0015K Ud 40 3440 247 
Saeed it] .OO1LSK 151 4s 6644 381 
30 11, OO1Lk 16? 48 8112 983 
ol 11-. 001K 190 24 190260 933 
32 11-.001K 215 28 1252 1425 
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EE-28-29 LAMINATION 
MAXIMUM TURNS FOR BORBIN WOUND COILS. (85% FILL). 


Mean length turn = .930" 


Wire Turns/layer Max. Max. Resistance 
gage layers turns square stack 
20 v4 Pe 14 aS er | 
ag 8B ae 16 29174 
ane 4 = an oSsss 
25 10 = SO O52 
24 iit s Zo 207235 
a & 4 48 oso 
26 14 4 56 ~196 
27 Ce va ya Bae 
28 ee ra 85 ~- 449 
ode LY 6 114 ria ta' 
30 Zt Z 147 1.286 
od 24 8 IZ Pe be Od 
a 26 8 208 2.841 
cath! 30 10 300 ote 
34 RSE id 363 er 
23 SF ioe Aaa 2035 
36 41 14 374 2066 
ed 46 15 690 ZT Ai So 
38 =p | i 847 47.9 
a 58 20 11460 62.8 
40 65 Paes 1430 111.4 
41 73 20 1825 164.8 
42 80 28 2240 7 
a 90 31 Prag ar a, 450 
4a 102 Ke 35790 780 
45 18 41 4838 12469 
46 i23s 43 9289 1878 
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EI-186 LAMINATION 
MAXIMUM TURNS FOR BOBBIN WOUND COILS. (85% FILL) 


Mean length turn = 1.4" 


Wire) Turns/layer Max. Max Resistance 
gage layers turns square stack 
29 a 20 ~926 
Fal & 4 24 ALG 
a 6 ra SO ~962 
25 7 ca 35 2OF1 
24 8 6 48 Arh lent =: 
20 4 iy 65 toe 
26 19 v4 79 2369 
Pad 11 8 88 eow72 
28 iz ed 117 1.42 
2 14 10 140 2.09 
SO 16 ee 192 2.875 
a 18 13 254 Sy 2 
oe 20 15 300 6.25 
33 22 17 374 Apa hed 
34 20 19 475 15.91 
oo 28 21 988 Zoe 
=6 a1 25 713 38.4 
37 35 26 910 37.7 
38 38 Probe 1102 91.4 
29 44 34 1496 162.1 
40 49 38 1862 Frakay = 
41 var 43 2565 402.9 
42 61 47 2867 509, 
43 68 ae 3604 990. 
44 ra 60 4620 1540. 
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EI-187 LAMINATION 
MAXIMUM TURNS FOR BORRIN WOUND COILS (85% FILL) 


Mean length turn = 1.235" 


Wire Turns/layer Max. Max. Resistance 


gage layers turns square stack 
20 10 3 30 ~0376 
sae | 11 & ga 2070 
ae IZ & 48 aOGGs 
ann 14 va 70 £176 
24 1s = Em. ~ 23582 
23 17 & 102 - 408 
26 19 f 133 2675 
27 21 8 168 1.07 
28 24 cs 216 1072 
a7 27 10 270 Pg AF 
30 30 11 S30 4.24 
si 34 12 408 6.58 
De Se 14 918 10.4 
33 42 16 672 16.72 
34 47 17 799 20.8 
ood 25 20 1060 43.3 
36 358 ne 1276 65.4 
37 65 2 1625 102.9 
38 72 af 2944 155. °% 
39 83 oe 2656 278. 
40 92 30 wea 429. 
41 103 40 4120 673.5 
42 114 4G 539016 1029 
43 basta 4 SO 6350 1683 
8 145 37 8265 2413 
45 167 66 11022 4640 
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EI-375 LAMINATION 
MAXIMUM TURNS FOR BOBBIN WOUND COIL (85% FILL). 


Mean length turn = 2.49" 


Wire. Turns/layer Max. Max. Resistance 
gage layers turns square stack 
20 18 & 108 o2u 
an 20 7 140 »423 
ae ia Fi: 8 174 ~ 646 
2 on 2 a2 1.043 
24 28 10 280 1.642 
20 ot 2 7 2213 
20 oo ee 4355 4.48 
Pas § 38 15 970 6.68 
28 43 1Z 731 10.86 
be 48 18 844 16.0 
30 ral zi 1113 26.4 
mS | 40 24 1440 S159 
32 66 26 1716 61.15 
33 7 29 2175 102.1 
a4 84 oo 2772 165.0 
35 94 fs 3478 262 

= 103 41 4223 398 
wis 116 47 9452 636 
38 128 re | 6528 965 
GAG 147 39 8473 1672 
40 163 56 10758 2663 
41 182 74 13468 4660 
42 202 82 16766 6330 
43 226 ip fe 20792 10160 
44 i, 105 26985 15900 
45 298 122 36356 259230 
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EE-24—-25 LAMINATION 
MAXIMUM TURNS FOR BORBIN WOUND COILS. (85% FILL) 


Mean length turn = 1.86" 


Wire Turns/layer Max. Max. Resistance 


gage layers turns square stack 
20 11 ra is 29946 
= 12 & 72 LOL 
ae 14 & 84 22508 
25 is 7 145 » 2624 
24 uy 8 134 ~616 
25 19 7 171 ~ 954 
26 ue 10 re) v4 
a7 24 11 264 Bako 
28 a7 3 oot 3.94 
z A 14 420 3.81 
30 34 16 544 i 
auf wg 18 666 ts20 
i 41 20 820 Daven 
oe 47 as 1081 Sa 
34 per 2 1300 377.89 
35 rate 28 love eke 
36 64 S2 2048 144.5 
cf Va 30 2520 225 
38 BO 39 3120 344 
of? a4 46 4186 604 
40 102 a1 202 956 
41 114 37 6498 1573 
42 126 63 L285 2241 
= 141 7h 10011 3663 
4& 160 81 12940 5870 
4S 186 94 17484 FTZO? 
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EI-21 LAMINATION 
MAXIMUM TURNS FOR BOBBIN WOUND COILS. (SBS7 FILL). 


Mean length turn = 3.01" 


Wire. Turns/layer Max. Max. Resistance 
gage layers turns square stack 
20 19 6 114 2319 
Pit 21 7 147 20045 
ay 24 8 192 8546 
20 rae 9 243 1.36 
24 30 10 SOO Sri 2S 
au > 11 374 3.34 
26 28 14 Doe eG 
raf 42 14 788 8.49 
28 47 16 /o@ 13.5 
2a we 18 936 20575 
SQ 38 20 11460 33.22 
meio | 66 25 1518 Das OO 
ae 72 ars 1800 86.0 
a B2 28 2296 120 
34 mar 32 29A2 210 
os) 103 36 3708 328 
36 112 40 4480 2712.5 
rd 126 45 3670 800 
38 140 39 7900 i250 
29 160 38 9280 2830 - 
40 178 64 L1iS?z2 3385 
41 199 72 14328 3240 
42 220 = fa) 17600 8128 
43 247 90 Ps aie 13130 
44 281 102 28662 20430 
45 S20 118 2B350 32200 
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EI-625 LAMINATION 
MAXIMUM TURNS FOR BOBRIN WOUND COILS. (85% FILL). 


Mean length turn = A het FY 

Wire Turns/layer Max. Max. Resistance 
gage layers turns square stack 
17 16 a 80 « Loe 
18 18 a 90 . 168 
ist 20 6 120 . 284 
20 Fai | & 126 ~4135 
z Zo 7 161 656 
ae 26 8 208 1.085 
Fares 30 i 270 1.773 
24 a 10 330 2.743 
25 37 11 407 4.265 
26 42 & 5346 7e2d 
rit 6 46 14 644 10.52 
28 = a 16 B32 17.5 
ele 5G 18 1044 27.4 
30 65 29 1300 43.6 
eu! 7S 22 1606 68.7 
Be 1 20 2025 196.5 
33 91 28 2348 169.3 
34 101 31 3131 264.5 
35 115 35 4025 430.5 
36 128 39 4992 670. 
ae 143 44 6292 1040 
38 159 49 TAet 1630 
39 183 26 10248 2830 
40 204 63 12852 4480 
41 227 aa PSEGh 4 67350 
42 Zod “7 20145 19800 
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E1-75 LAMINATION 
MAXIMUM TURNS FOR BOBBIN WOUND COILS. CES7FEILL) . 


Mean length turn = 4,202" 

Wire Turns/layer Max. Max. Resistance 
gage layers turns square stack 
14 a7 4 102 ~ 1435 
17 20 6 120 22135 
18 22 Z 154 2 349 
ted 20 8 200 2064 
20 a7 8 216 .8425 
an 30 Ss 270 1.37 
22 34 10 340 2.157 
25 38 11 418 ae A 
24 43 Zz 916 are Oh 
20 48 14 672 8.26 
26 a4 16 864 14.6 
Pat4 60 17 1020 20.2 
28 67 20 1340 oe 
vibes 7S 22 1650 ais 6s. 
20 84 2a 2100 84 

mi | 95 28 2660 135.8 
32 104 o1 3224 201.5 
33 Sas oo 4130 S27 
34 te 39 5148 916.5 
35 148 4a. 6512 B30 
36 165 49 8085 1290 
37 184 24 9926 1959 
38 205 61 12505 3121 
ase 25 70 16520 3270 
40 263 78 20514 8510 
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EI-87 LAMINATION 
MAXIMUM TURNS FOR BOBBIN WOUND COILS. (85% FILL). 


Mean length turn = 5.04", 


Wire. Turns/layer Max. Max. Resistance 
gage layers turns Square stack 
16 20 6 120 spr d 8 iis 
4 Pasa fi 161 ~342 
18 ed 8 200 Shes 
Ge 28 7 Pee ps -852 
ae) a2 10 320 1.236 
vid 3 11 396 vac ES 
ee 40 ze 480 seed 
Zo ral 14 630 ao ay! 
24 rel @) 16 BOO 8.63 
20 ba = ok iy kas Pee t8 
26 3 20 1260 Z21so? 
27 79 pa 1540 Myre | 
28 aS 20 phe oi dre! 22 8S 
Pied 88 ag A 2376 81.65 
30 98 ee | 3088 121.68 
<th f 109 34 3706 202.5 
i at 38 4626 319.4 
ae 127 43 3891 wot Nes 

34 iso 48 7440 Sid.< 
Ha Ey dw’ val be 9625 1329.6 
36 1 ie de 1 1 Oh ar ae 2051 
a7 a i 67 14204 3120 
38 Pa ie 76 16872 4673.5 
39 2/i 85 259035 8046.6 
40 SO1 92 23995 12597 
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EI-100 LAMINATION 
MAXIMUM TURNS FOR BOREBIN WOUND COILS. (85% FILL). 


Mean lTength turn = 53.57" 


Wire Turns/layer Max. Max. Resistance 
gage layers turns square stack 
15 ee 7 154 Ager f 
16 Tae 7 175 2 220 
17 28 8 Sas ae yf) 
18 31 a Pathe | ~ 826 
19 ou 11 385 1.44 
20 39 2 468 Prd w) 
rg 44 1s v7 2 3.4 

Ze 49 Fa Zo Ded 

eae rai be t7 935 8.83 
24 61 19 1159 13.681 
Fae 59 2 1449 rae er ars 
26 fed 24 1848 Ate) 

2s B64 2 22356 doe 42 
28 9& 30 =880 86.75 
oo 107 33 S551 134.1 
mt) 120 37 4440 eae od: 
us Loo 42 II86 a 
oe 148 46 6808 318.6 
33 167 we 8684 8s 

34 189 7 ES OE Cor | 1350 
SS 213 56 14085 2146.8 
36 2356 74 17464 3362,4 
a7. 260 81 21060 vLis 

3 294 pe 27048 8281 
7 33 103 34093 12163 
40 368 115 42320 290606 
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EI-112 LAMINATION 
MAXIMUM TURNS FOR BOBBIN WOUND COILS. (85% FILL). 


Mean length turn = 6.6" 


Wire Turns/layer Max . Max. Resistance 
gage layers turns square stack 
13 Le & 114 a Vlig = 
14 ee 7 154 2214 
poe 24 7 1468 ~ 294 
16 27 8 am a) »~477 
Wd Aca 10 210 - 863 
18 3 a 374 1.52 
Lo es ee 456 Zee 
29 43 14 602 3.36 
af 48 iS 720) 2207 
2a 34 17 918 S215 
25 61 19 LO hele bens 
24 68 21 1428 20.16 
ave 76 24 1824 32.47 
26 85 aa 4 2295 Siewd 
FY 95 30 2850 80. 67 
28 106 = 3604 1298.6 
Ps iis 38 4522 ZOSe a 
30 oo 42 IIB6 317 
ay | 147 47 6909 494.4 
2 164 ve 8528 107.7 
33 185 39 10915 1242 
34 209 67 14003 2009 
oo Zou 73 17625 2189 
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: EI-125 LAMINATION 
MAXIMUM TURNS FOR BOBBIN WOUND COILS. (65% FILL). 


Mean length turn = 7.21" 


Wire Turns/layer Max. Max. Resistance 
gage layers turns square stack 
iz 19 6 114 ~ 109 
13 21 wf 147 2177 
14 24 8 Nps Lee a | 
1S aT, 243 - 465 
16 30 10 300 alas 
17 34 ty 374 Veg OTe 
18 38 Nes 456 rv ew, 
oe 43 14 602 2.71 
20 48 15 720 4.39 
oes aif 17 901 6.93 
ee 60 19 1140 11.90 
2 &7 ny | 1407 Lewes 
24 73 24 1800 2/2 o 
Flas 84 ae 2268 44.1 
26 94 30 2820 Fabre) yo 
td 105 34 3570 119.4 
28 118 38 4484 174.84 
ao, p Br | 42 eae 279.9 
6) 147 av 6909 428.4 
3 163 ro 8639 675.3 
Se G2 oy, 10738 1058.6 
a 24 he 66 13530 1682 
34 Fate Tis 173235 OM a GA 
So 261 84 2192 4333. 
oO 207 94 27166 6779 
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EI-128 LAMINATION 
MAXIMUM TURNS FOR BOBBIN WOUND COILS. (85% FILL). 


Mean length turn = 7.66" 


Wire Turns/layer Max . Max . Resistance 
gage layers turns square stack 
11 i & 102 ai E |= pha 
12 19 ef 133 Anes) 
iss rue fd 147 - 188 
14 24 8 132 2510 

| Oo 27 9 243 2494 
16 ZO 11 3o0 ~ B46 
17 34 12 408 1.32 
18 38 13 494 2.01 
19 42 15 630 3.24 
20 47 17 799 rape er 

- rar 19 1007 8.25 
22 wate 21 to? 12.76 
“0 66 2 1584 20.58 
24 74 7. 2268 o/s tO 
praca 83 3O 2490 51.45 
26 93 34 3162 82.3 
Pad 103 > mS = Bi Lede 
28 116 42 4872 201.8 
27 120 47 6110 Sy) Oe ie 
> 145 ral 7685 al fag Pe 
a1 161 28 9338 ee 
32 ers 65 11635 1218.8 
Bi Bs 202 7s 14746 1947.5 
34 220 3 18924 3151.6 
oo 258 94 24252 WOT sae 
36 285 104 29640 7848 


EI-150 LAMINATION 
MAXIMUM TURNS FOR BOBBIN WOUND COILS. (@5% FILL). 


Mean length turn = 8.4” 


Wire Turns/layer Max. Max. Resistance 


gage layers turns square stack 
10 18 & 108 22976 
11 29 & 120 2106 
12 23 7 161 ei7? 
13 26 8 208 aa 
14 7, 7, 261 ~-461 
15 oo 10 330 Bde how 
16 a7 Zz 444 Ey Fob. 
Li7 41 1 Eh ras 37 
18 46 is 690 32.08 
ira s1 17 847 4.89 
29 rd i? 1102 Jae 
al 64 21 1344 12.04 
ae ae Fe 1656 18.7 
2 81 26 2106 a0 

24 96 29 2784 wo 

Fie 101 oo Coos idee 
26 114 ay! 4218 120.49 
Pay 126 41 3166 186.1 
28 142 44 6532 296.7 
29 158 Se 8216 470.6 
30 177 58 10266 741.6 
31 Los 64 12608 1148.2 
Sa 2if 71 15549 1784 
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MIRE IAA One VAY enor 
; 1, ‘ae Wy \ 
te ae ey bien en 
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ne ah 
s re Nii 
rein n AN 


7 f Mi 

? \y i Wifi y y i ae a wf 
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Ub yer ofA), a Fe pity ¥ ye) in 
Tia Fife 1] ca 4 
Bt. od Gaia hE . 
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